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FREDERICK LANE HUTCHINSON 


Born at Elizabeth, N. J., April 2, 1866, to 
Elizabeth (Pring) and John Hutchinson; gradu- 
ated from Cornell University, 1893; with the 
Westinghouse Electric & Manufacturing Com- 
pany from 1893 to 1901; became an Associate 
of the Institute in 1894; manager of publications 
for the C. W. Hunt Company of New York, 
1901-2; advertising manager for the National 
Electric Company of Milwaukee, 1902-3; sales 
manager for the same company, 1903-4; took up 
special work on the Institute TRANSACTIONS 
in 1904; appointed Assistant National Secretary 
in 1908; became National Secretary in 1912; 
transferred to grade of Member of the Institute, 
1913; married Grace Lawrence Duryee of San 
Diego, Calif., June 27, 1921; represented the 
Institute at the World Power Conference, London 
1994, and at the World Engineering Congress, 
Tokyo, 1929; died Friday, February 26, 1932. 


1866—1932 


A MEMORIAL RESOLUTION, adopt- 
ed by the Executive Committee of the 
American Institute of Electrical Engineers 


WHEREAS: The death of Frederick L. Hutchinson 


has removed from the American Institute of Electrical 


Engineers one of its most devoted members and a 
leader of marked ability and high ideals, 


WHEREAS: During his service of twenty-eight 
years as a member of the staff, including twenty years 
as national secretary, he worked unceasingly and 
effectively for the best interests of the membership 
and the advancement of the entire engineering pro- 
fession, exhibiting at all times remarkable enthusi- 
asm, unselfishness, and wisdom, 


WHEREAS: His delightful personality, his deep 
interest in the wide range of activities of the Institute 
and organizations with which it cooperated, his 
keen grasp of all questions involved, and his unfailing 
tact on all occasions, won the respect and admiration 
of a multitude of friends, be it therefore 


RESOLVED: That on behalf of the membership, 
the executive committee hereby expresses its pro- 
found sorrow at the death of one of the Institute's 
outstanding leaders, and extends to the members of 
the family of Mr. Hutchinson its deepest sympathy, 
and be it further 


RESOLVED: That these resolutions be inscribed in 


the minutes of the Executive Committee anda copy be 
transmitted to the members of Mr. Hutchinson’s family. 
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Synchronous 
Electric Time Service 


Commercial a-c. time service has been made 
possible by the development of a self-start- 
ing synchronous motor and of a master clock 
to indicate deviations of power system fre- 
quency from normal. Construction, accu- 
racy, and application of various types of 
these devices are described in this article. 


By 
H. E. WARREN 


ASSOCIATE A.1.E.E. 


Warren Telechron Co. 
Ashland, Mass. 


Brox: the beginning of the present 
century there were a few individuals who realized the 
possibility that commercial alternating current, by 
means of its recurring pulsations, might be used in 
some manner to measure time; but dreams of this na- 
ture did not materialize in practical performance. 

Up to 1916 there was no commercial a-c. system in 
existence in which generator speed was regulated with 
sufficient accuracy so that the current could be used 
for the purpose of indicating time by means of syn- 
chronous clocks. At that time two devices were 
brought out which in the succeeding years made pos- 
sible commercial a-c. time service. 

The first of these devices was a self-starting syn- 
chronous motor utilizing residual magnetism to per- 
mit a rotor to start and run at synchronous speed. 
This type of motor differs from all the common forms 
of a-c. motors in that eddy currents induced either in 
the mass of the rotor or in some form of winding upon 
the rotor are not utilized to start the rotor from rest. 
Instead, the rotor is made of such permanent mag- 
netic material and is so proportioned with respect to 
the field that remanent magnetic poles are set up in 
the rotor material by the a-c. magnetism of the field 
in such a manner as to cause the desired motion. 
Such a motor is sometimes known as a hysteresis 
motor. Fig. 2 shows a view of a recent model. 

The hands of a clock were connected by a gear train 
with the first of these self-starting synchronous mo- 
tors and this clock, supplied by current from the local 
electric light system, was compared with standard 
time at intervals over a period of several weeks. The 
new motor driven clock proved to be a very inferior 
timekeeper, developing daily errors as great as 5 or 
10 min., thus proving the need of greater accuracy in 
the average frequency of the power supply if it were 
to be used for timekeeping. 


Based upon ‘‘Synchronous Electric Time Service’”’ (No. 32-40) presented at the 
A.1.E.E. winter convention, New York, N. Y., Jan. 25-29, 1922. 
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Fig. 1. 


Dial of a large synchronous tower clock. 
Illuminated at night, the characters around the circum- 
ference flash in succession to indicate seconds 


By observing these daily errors it was easy to com- 
pute the average value of the system frequency. 
There are 1,440 min. in a day and the gearing of the 
clock was such that if the frequency had been exactly 
60 cycles, there would have been no time error; a 1 per 
cent error in average frequency (0.6 cycles at 60 
cycles) would mean 1 per cent error in the time of the 
clock, which amounts to 14.4 min. per day. The ac- 
tual, computed error in the average frequency as de- 
termined by these observations is shown in the upper 
curve of Fig. 3 which was originally published in the 
article, “Clocks in the Field of Electric Light Ap- 
pliances” in the N.E.L.A. Proc., 1917, Commercial 
mec.) Pp. G41: 

The second device consisted of an indicating instru- 
ment that would show to a generating station opera- 
tor directly in terms of time, deviations of average 
frequency from standard. Guided by this instru- 
ment, an operator could so regulate the speed of his 
generators as to maintain such small deviations from 
standard average frequency that the alterations could 
be used to measure time for all ordinary commercial 
purposes. Fig. 4 shows the dials of a type of master 
clock which is in common use. ‘The large dial in the 
center has two hands, one black and the other gold. 
The black hand makes a revolution on the dial every 
5 min., itsrate of motion being regulated by an accu- 
rately adjusted pendulum beating seconds. The gold 
hand is driven by a gear train directly from one of the 
Telechron self-starting motors. The gear ratio is 
such that when the average frequency is correct, this 
hand will also make one revolution in exactly 5 min. 

The two hands are started off together, and so long 
as the average frequency remains correct, will keep 
together with no visible angle between them. An er- 
ror in the average frequency will cause the gold hand 
to move slightly faster or slower than the black hand 
and they will become separated. The angle of sepa- 
ration will be a direct visible measure of the error in 
the integrated alternations, which may be conve- 
niently called the system time. If the gold hand is 
ahead, this will show that the system time is fast; if 
behind, that it is slow, 


ELECTRICAL ENGINEERING 


An error in the average frequency as small as 1/60 
cycle will cause a spread of 1 sec. between the two 
hands of the master clock in 1 hr. If such an error 
continues, the spread will continue to increase as time 
passes. The accuracy of the indication is limited 
only by the timekeeping precision of the pendulum it- 
self. When carefully regulated this is better than 1 
sec. per day, or an absolute precision of about one 
part in 100,000. 

When the operator at the generating station which 
is regulating frequency adjusts the turbine governors 
from time to time so as to keep the black and gold 
hands of the master clock together, he automatically 
causes all other synchronous motor clocks on the 
same system to keep correct time. The lower curve 
of Fig. 3 shows the great improvement in the average 
. frequency value obtained after the first master clock 
installation. 

The standardization of average frequency is of 
great value to the power companies in the following 
ways: 

1. By improving the service furnished manufacturing establish- 


ments, insuring more uniform speed of motor driven machinery and 
generally assuring the quality of the product. 


2. By facilitating interconnection with other power companies 
which have correspondingly standardized their frequency. 


3. By enabling power companies to use synchronous motor move- 
ments in their maximum demand meters and graphic recorders, there- 
by obtaining more accurate and synchronized records at lower cost of 
maintenance. 


Before master clocks were available, the inherent 
errors in frequency indicators were sufficient to handi- 
cap operators on interconnected systems in their ef- 
forts to equalize the frequency preparatory to syn- 
chronizing the two systems, and to lead to con- 
troversy as to the true value of the frequency after 
the two systems were synchronized. 

Master clocks have been adopted generally by the 
power companies of the United States for the purpose 
of regulating frequency. At the present time it is 
estimated that the regulation of the current to over 
90 per cent of the consumers’ meters in this country is 
guided by these master clocks. 

The accuracy which may be expected at present 
from a synchronous electric clock is indicated by the 
records shown on Fig. 5. The records shown on this 


Fig. 2. Self-starting motor and gear train 
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chart are taken from four typical very large intercon- 
nected systems east of the Mississippi River. The 
ordinates of the curve in each case are seconds devia- 
tion from standard time, and the abscissas, weeks 
over a period of 5 months. ‘The solid line through 
the center of each curve represents standard time, 
and the two points plotted for each day at the top and 
bottom of the band represent the maximum range of 
the deviations from standard for that day. The 
widest deviations shown are 44 sec. fast or slow, 
which means that on these systems a synchronous 
clock set absolutely accurately with standard time, 
did not indicate incorrect time more than 44 sec. fast 
or slow through the period plotted. The records of 
the two systems which show the smallest departure 
of standard time indicate that a clock operating on 
these systems would never be more than 9 sec. fast 
or slow. There are few uses of time which justify 
higher accuracy, and even the worst of these records 
is far superior to that of previous types of commercial 
clocks. 

Some power companies throughout the country 
may be giving better than the best time service in- 
dicated on this chart; probably there are some per- 
mitting wider variations. Practically all power com- 
panies, however, are giving sufficiently accurate 
frequency regulation to provide far better time on 
synchronous clocks than previously available on 
commercial clocks. 

All factors in power system development are tend- 
ing to require continued improvements in frequency 
regulation. Asa matter of fact the very large inter- 
connected systems have so much momentum stored 
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the installation of an indicating master clock 


in rotating equipment (generators, motors, etc.) 
that when properly adjusted at the beginning of a 
flat load period, they will give almost perfect time 
with no adjustment of governors for speed. Over 
the irregular portions of the load curve, however, 
governor adjustment is necessary and much work 
is being done at present to divide the burden of this 


Fig. 4. Operating 
dials of a common 
type of master clock 


regulation on large interconnected systems between 
the various power companies by the use of automatic 
frequency control to supplement the master clocks. 
When perfected and applied, these instruments will 
undoubtedly reduce the system time error to insig- 
nificant values of the order of 1 or 2 sec. 


SYNCHRONOUS CLOocK MorTors 


About 1928, twelve years after alternating current 
regulated by means of master clocks as illustrated 
in Fig. 4 became available, there appeared on the 
market the first of several new varieties of synchro- 
nous motors suitable for use in clocks. "These motors 
may be divided into two classes; non-self-starting and 
self-starting. 

The non-self-starting motors, of which there are 
several kinds, generally have toothed, soft-steel ro- 
tors. The usual stator construction is bipolar with 
teeth on each pole corresponding to the spacing of the 
rotor poles. In all multi-polar motors of the common 
varieties the speed is found by dividing the number of 
current alternations per minute by the number of rotor 
or stator poles. In nearly all cases no attempt is 
made to introduce a rotating component into the 
field. A common arrangement of rotor and stator 
is shown in Fig. 6. On account of the difference in 
magnetic reluctance between rotor positions, where 
the poles do or do not correspond with the stator 
poles, a strong reactance torque exists when the rotor 
isatrest. This tends to prevent the rotor from start- 
ing; but when running at synchronous speed, tends 
to keep it at that speed. 

It is somewhat difficult to spin such a rotor by 
hand so as to cause it to lock into synchronism with 
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the alternating field unless some means is provided 
which will permit a sudden phase shift of the rotor 
poles as the rotor speed passes through its synchro- 
nous value. Among the satisfactory schemes for ac- 
complishing this result is the use of loosely coupled 
fly-wheels on the rotor shaft or spirally arranged rotor 
poles with means for the axial shifting of the rotor in 
the field. Also, when started by hand, mechanical 
launching devices sometimes are used to bring the 
rotor up to approximately synchronous speed auto- 
matically. 

The self-starting synchronous clock motors which 
have appeared within the last few years utilize a-c. 
fields with rotating components brought about by 
the use of shading coils. Most of these motors have 
multi-polar rotors with some form of squirrel-cage 
winding or a copper element wherein Foucault currents 
are induced by the rotating field. Like ordinary in- 
duction motors, such motors get their starting torque 
through the reaction of the Foucault currents in the 
field. Synchronous driving torque in these varieties 
of self-starting motors is produced by polar projec- 
tions of the steel rotors or by a separate polar element 
loosely coupled to the rotor shaft. One variety of the 
recent self-starting synchronous motors utilizes rema- 
nent magnetism for starting and for synchronous 
operation. 

Any of the rotors described heretofore may be used 
to drive the hands of a clock through a simple train of 
gears. Iwo forms of such gear trains are in common 
use, one composed entirely of spur gears and the 
other utilizing worm gears and worms. On account 
of the greater efficiency of transmission, a spur gear 
train is better for large clocks, but for small clocks 
the other mechanism is satisfactory. Frequently the 
high-speed gears of a spur gear train are made of non- 
metallic material so as to run more quietly, and the 
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Fig. 5. Maximum daily system time errors of four 


large power systems 


motor or the whole clock movement is usually 
mounted on cushioning material so as to reduce the 
a-c. hum. Some clocks are much quieter than others, 
depending upon the rigidity of the field laminations 
and the design of the moving parts. 

Any one of the motors mentioned is adequate to 
drive the hands of a clock dial 12 in. or less in diame- 
ter. The actual output required for this purpose is 
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exceedingly small. If the clock hands are balanced 
and the gear train is fairly efficient, not more than 
one twenty-millionth of a horsepower is needed for a 
12-in. dial. The power output of the various motors 
ranges from less than one-millionth of a horsepower 
to more than one-ten thousandth of a horsepower. 
The larger amount has been found adequate to drive 
tower clocks 10 or 12 ft. in diameter. ‘The power 
output of these motors seems exceedingly small as 
compared with commercial motors used for other pur- 
poses; nevertheless it is, fully adequate for this time- 
keeping duty, and is many times greater than the 
power of ordinary spring clock motors. 

The electric input to these motors is generally in 
the neighborhood of 2 watts, but as the power factor 
is low, the voltamperes vary from three to six. Ob- 
viously the efficiency of these motors is very low in- 
deed, amounting to a fraction of 1 per cent. How- 
ever, the power used is so little (17 kw-hr. per year or 
approximately $1.00 worth) that this feature is of 
minor importance. 

Most synchronous motor clocks are provided with 
some form of indicator visible through a small hole in 
the dial. In clocks which are not self-starting this 
indicator, by its continuous motion shows that the 
clock is in operation. After an interruption in the 
current, the motion of the indicator stops perma- 
nently. In self-starting motor clocks of the Tele- 
chron brand, the indicator back of the dial shows a 
steady white target as long as the current flows. This 
target changes to red and remains so after an inter- 
ruption in the current supply, although the clock of 
course starts and continues to run as soon as the 
power is restored. 

Inasmuch as most kinds of synchronous motor 
clocks either will stop permanently or show errors af- 
ter current interruptions, it is reassuring to know that 
system interruptions are rare in our thickly settled 
districts. Often these clocks continue to show cor- 
rect time within a very few seconds for many months, 
even for years. In order to provide against the rare 
stopping of the hands because of interruptions, clocks 
have been available for many years which have aux- 
iliary spring movements. These movements ap- 
peared more necessary in the beginning before a-c. 
service had become as reliable as it is today. 

The successful operation of synchronous motor 
clocks is quite independent of certain influences which 
are detrimental to other clocks, such as level position, 
vibration, and ordinary temperature variations. Ex- 
treme temperatures near zero fahr. will stop some 
kinds of clock motors, but other varieties will operate 
well below zero. 


APPLICATIONS 


Application of these small clock type synchronous 
motors to many devices and instruments has been go- 
ing on ever since these motors became available. 
The first users were the power companies themselves 
who had many instruments and meters, especially 
those of the maximum demand type which required 
timekeeping elements. The spring clocks used for 
these purposes were inaccurate, troublesome, and 
costly to maintain. This was especially true because 
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they needed frequent winding and often were located 
at distant points. The instrument load was some- 
times too great for a spring clock to handle with ac- 
curacy. As soon as the motors were substituted for 
the spring clocks there was a great gain in accuracy 
and reliability and the costly winding was eliminated. 
It then became possible to redesign the instruments 
so as to give still better performance. 


Fig. 6. One type of 
non-self-starting syn- 
chronous clock motor 


Gradually nearly all the makers of instruments be- 
gan using synchronous motors in place of spring 
movements, until now the list of such motor driven 
instruments is nearly a complete catalog of devices in 
which the measurement of time is involved. The 
largest class of these motor driven instruments is per- 
haps the graphic recording type. The load of driving 
a paper chart, especially of the strip type, is very 
great for a spring clock but comparatively trifling fora 
synchronous motor. Moreover, the motor can 
handle a roll of paper so as to make a continuous rec- 
ord for weeks or months without regard to winding. 
There are also many kinds of instruments which do 
not make a record but serve to control or actuate, and 
synchronous motors have been incorporated advan- 
tageously into certain forms such as time switches, 
temperature controllers, traffic signals, etc. 

There is a large and important class of timing de- 
vices exclusive of ordinary clocks. Among them are 
numerous kinds of time and cost recorders, program 
machines, time stamps, etc., wherein synchronous 
motors have gradually been replacing spring clock 
movements. In many cases this change has made it 
possible to eliminate local master clocks, batteries, 
and expensive wiring. 

In building installations, where synchronous clocks, 
or timing devices driven by synchronous clock motors 
are numerous it is usual for the customer to provide a 
so-called ‘‘resetting device’ or a duplicate source of 
a-c. energy to guard against the effect of interruptions 
in the supply of current. In all such installations a 
separate wiring system is used, connected with the 
public service system through a suitable switchboard. 
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The resetting device automatically measures the 
duration of an interruption and after the current is 
restored, applies higher frequency or otherwise speeds 
up the clocks until again they are correct. 

The problem of driving very large tower clocks by 
means of self-starting synchronous motors is much 
less difficult than that formerly involved in the use of 
conventional pendulum tower clock movements. Of 
course it is necessary for the gears and shafts to be 
very strong because the stresses due to the great 
weight of the hands and the pressure of the wind are 
rather high. Fig. 1 shows a tower clock movement 
installed on the Williamsburgh Savings Bank at 
Brooklyn, N. Y., where each of the four dials is 26 ft. 
in diameter and the hands alone weigh 700 Ib. per 


Stability Solution for 
Metropolitan Systems 


General stability curves are given in this 
article by means of which the transient 
stability during fault may be determined for 
any metropolitan type system. The results 
are obtained as the permissible fault dura- 
tion in terms of certain indexes of the sys- 
tem and fault. Fora given fault only three 
readings, taken on a d-c. calculating board, 
are required, the solution being obtained 
without the necessity of investigating the 
electromechanical oscillations. 


ae studies of metropolitan 
type systems may be profitable not because insta- 
bility has been a serious operating problem, but be- 
cause such studies often may permit a more reliable 
or more economical system layout to be utilized 
safely. Transient stability, that is, stability during 
faults, has been found to be the limiting condition for 
stability of metropolitan type systems, all available 
information indicating that static instability is never 
experienced in normal operation of this type of 
system. Under fault conditions the measure of the 
degree of stability is the time a fault may be per- 
mitted to remain on the system without causing one 
or more generators to lose synchronism. Curves are 
presented here which permit the ready determination 


Based upon ‘Generalized Stability Solution for Metropolitan Type Systems” 
(No, 32-26) presented at the A.J.E.E. winter convention, New York, N’ Y., 
Jan. 25-29, 1932. 
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pair. The hour hand sleeves of this clock are of steel 
and their outside diameter is 4 in. The power re- 
quired to drive these hands during a heavy wind is 
less than 0.001 hp. ‘The motors used have a very 
large surplus power margin. 

Since their conception in 1916 synchronous motor 
clocks and timing devices have increased in use with 
extraordinary rapidity, especially during the last few 
years. According to estimates more than 1,200,000 
synchronous motor clocks were sold during 1930. 
There seems little doubt that during the coming years 
spring and weight driven clocks will be replaced 
in large measure by the new a-c. timekeepers, 
which have proved superior in every important 
respect. 


By 
S. B. GRISCOM W. A. LEWIS 


MEMBER A.1.E.E. ASSOCIATE A.1.E.E. 


W. R. ELLIS 


ASSOCIATE A.1.E.E. 


All of the Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


of the permissible fault duration in terms of certain 
system constants. 

These constants may be found for most metro- 
politan systems from a short-circuit study on a 
conventional d-c. calculating board. The funda- 
mental premise underlying this method is that set- 
ups giving the same values of the system constants or 
indexes will have approximately the same degree of 
stability. The curves give the results of studies on 
hypothetical systems covering the range of the sys- 
tem constants encountered in metropolitan systems. 
To render this method practical, the number of in- 
dexes must be reduced to a minimum. This means 
that the variations produced by minor influences 
must be neglected and average values assumed for 
machine characteristics. It was found that if the 
scope were restricted to metropolitan type systems, 
the number of essential indexes could be reduced to 
three, with means of modifying these three to pro- 
vide for the variations produced by the more im- 
portant influences. 

In this discussion a metropolitan type of system is 
considered to be one in which the principal power 
sources are generators driven by steam turbines and 
located relatively close to their load centers, with 
distribution provided by a large number of moderate 
voltage circuits. The power supply to most metro- 
politan districts is of this character, but several 
large districts receive a major part of their power 
from distant hydroelectric sources which are quite 
different in character, and for these, individual 
studies are required. However, if the hydroelectric 
generating capacity is one-fourth, or less, of the total, 
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the stability of the other generating sources for 
faults in their localities still may be analyzed by the 
methods presented, without serious error. 
Metropolitan type systems as above defined are 
similar in essential characteristics, making gener- 
alized studies practicable. The principal features of 
similarity are as follows: 
1. With equal per cent loadings the internal voltages of all genera- 
tors on the system are practically in phase. 


2. Because of the multiplicity of circuits the reactance of the 
connecting ties holding a generator or group of generators in step 
he ate system does not change appreciably when the fault is 
cleared. 


3. With turbine-generators and short transmission distances, the 
generator characteristics, no longer being affected by the speed of 
rotation of the prime mover, line charging current requirements, 
etc., tend to become fairly uniform in their essential points such as 
reactances, inertia, and short circuit ratio. 


When a fault occurs on a system, all of the genera- 
tors undergo electromechanical oscillations because 
of their change in output. Generators which are 
similarly affected by the fault will react similarly 
and therefore may be classed as a single unit. In 
this discussion the term ‘“‘generator’’ may indicate 
either a single machine or a group of machines which 
react similarly. The most severe faults usually are 
close to a group of generators and for those cases it is 
sufficient to consider only two groups of machines, 
the group most seriously affected or ‘‘faulted genera- 
tor’ and the remaining generators. 

With the metropolitan type system, the most 
important factors affecting permissible fault duration 
are the initial generator output, synchronizing power, 
and severity of fault. Operation at rated load is the 
condition usually investigated and this condition has 
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Fig. 1. Principal stability curves. Short circuit 
current Ir¢ versus permissible fault duration 
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been assumed here, although a factor is introduced 
to take account of other values of initial load. The 
remaining two factors may be expressed in various 
ways, the choice depending upon adequacy and con- 
venience. The index used here for synchronizing 
power is the over-all reactance between the “‘faulted 
generator’ and the remaining generators expressed in 
per cent of the rating of the ‘faulted generator.” 
The index used for severity of fault is the short-cir- 
cuit current of the “faulted generator’ expressed in 
number of times rated current, modified if necessary 
by a factor to take account of fault location. 

The general stability curves for a generator short- 
circuit ratio of 1.0 are shown in Figs. 1, 2, and 3. 
Other curves, not shown, have been calculated for a 
generator short-circuit ratio of 0.8. These two sets 
of curves are very nearly identical, and show that 
generator short-circuit ratio has a minor effect on 
transient stability. Fig. 1 consists of a family of 
curves covering the range of over-all reactance X 
plotted in terms of short-circuit current rg from the 
faulted generator, and the permissible fault duration 
t. The curves of Fig. 2, as will be shown later, pro- 
vide a means of correction for resistance in the fault 
and for other than rated load on the generator. 

The curves of Fig. 1 apply directly to faults at 
locations electrically equivalent to the generator 
terminals, such as faults on feeders, just beyond the 
feeder breaker. ‘To provide for faults occurring at 
other locations, a close approximation is secured by 
dividing the value of Irg by a factor read from Fig. 3 
before entering Fig. 1. This ‘“‘location factor’’ is 
obtained as a function of the ratio of Irc to Ir, the 
total fault current. This ratio will be denoted by 
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METHOD OF APPLICATION 


The application of these curves will be demon- 
strated by an example. A typical metropolitan type 
system is shown schematically in Fig. 4 with re- 
actances as indicated. A fault at point M will be 
considered. A three-phase fault at this location 
isolates generator A from the remainder of the sys- 
tem for the duration of the fault, and this generator is 
therefore the one most likely to fall out of step first. 
Therefore, machine A becomes the ‘‘faulted genera- 
tor,’’ and all other generators including those in the 
same group with A become the “remaining genera- 
tors.”’ Fig. 4 under these conditions reduces to 
Fig. 5. ‘This reduction may be carried out analyti- 
cally or by the use of the d-c. calculating board. In 
the latter case the actual reduction to the simplified 
form need not be completed, as the necessary indexes 
may be obtained from the current readings neces- 
sary for the reduction. From the simplified figure, 
the over-all reactance X between the faulted genera- 
tor and the remaining generators is equal to 27 + 
15 = 42 percent. This reactance must be based on 
the kva. rating of the faulted generator in all cases, 
and if the reactances are set up on some other base 
they must be converted to this base. To determine 
the total fault current I, the branches on each side 


of the fault are paralleled giving axe =9.65 per 
2 a) 
cent. The total fault current therefore is 00965 7 


10.4 times the rating of generator A. The fault 
current I7g supplied by the faulted generator is 


iS < 10.4 = 3.7 times rated current. ‘The ratio of 
Irc/Ir gives rrg as 0.357. The essential indexes are 
thus 

Over-all reactance X = 42 per cent 
Current from faulted generator/rg¢ = 3.7 X rating 
Ratio Irc/Ir = TFG =" Q304 


The location factor is obtained from Fig. 3, 
entering the curve at rrg = 0.357 and interpolating 
for X = 42 per cent, giving a value of 0.7. The 
adjusted value of Inc is then found to be 3.7 divided 
by 0.7 = 5.8. The permissible fault duration now 
may be read from Fig. 1 for Jpg = 5.3 (extrapolated) 
and X = 42, and is found to be 0.39 sec. 

If the d-c. calculating board is used, the indexes 
may be found directly. With the system set up 


LOCATION FACTOR 


Fig. 3. 


Location correction factor trc = Te 
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without the fault, generator A is connected to the 
positive bus, its transient reactance being included 
as part of the system, and the remaining generators 
connected to the negative bus in a similar manner. 
The current flowing from generator A now is read 
and converted to number of times rated current for 
this generator. For this case the value is found to be 
2.38. The reciprocal of this value expressed in per 
cent is X and of course is 42 per cent as before. 
The remaining generators now are removed from the 
negative bus and connected to the positive bus and 
the fault applied by connecting point M to the 
negative bus. The fault current and current from 
generator A then are read and converted to number 
of times rated current of generator A. This gives the 
same result as was obtained from the simplified 
system of Fig. 5, that is, 10.4 and 3.7 times rated 
current, respectively. 

If the fault had occurred at point N outside the 
feeder reactor on a radial feeder instead of at point 
M, the simple equivalent system would appear as 
in Fig. 6. The reactance of the feeder reactor is 
assumed as 3 per cent on the feeder rating, equiva- 
lent to 30 per cent on the rating of generator A, if 
the feeder rating is one-tenth that of the generator. 
If the faulted feeder had not been radial and had 
been tied into the system at the distant end, the 


Typical metropolitan type system 


equivalent system of Fig. 6 would have been slightly 
different, although the over-all reactance would 
still be 42 per cent. It will be found for this case 
that 77g remains the same since it depends only on 
the reactance branches adjacent to the generators. 
Owing to the presence of the 30 per cent reactance 
in series with the fault, however, the total fault 
current is greatly reduced and becomes 2.52 times 
rated current of generator A. Ipc is found to be 
0.9 times rated current and when adjusted for 
location becomes 1.29. When these indexes are 
referred to Fig. 1 it is found that the point is beyond 
the range of the curves and the permissible fault 
duration is over 2 sec. Two seconds is about the 
upper limit of relaying time for most systems and 
the many variables render it undesirable to carry the 
curves much beyond this figure. 
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If the fault is at some point O so that it will affect 
all four of the generators in station A more equally, 
there is a possibility that this entire group may lose 
synchronism with the remainder of the system. In 
such a case, the group should be considered as the 
faulted generator, and a solution should be carried 
out expressing all indexes in terms of the rating of 
the group as a base. This solution should be com- 
pared with that for generator A considered as the 
faulted generator, and the shorter of the two values of 
permissible fault duration should be taken as the 
result. 

One more variation will be considered, that of a 
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Fig. 5. Simplified equivalent of Fig. 4 for fault at M 
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Fig. 6. Simplified equivalent of Fig. 4 for fault at N 
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three-phase fault on the leads of the transformer A at 
point P close to its bus. In this case generator A 
obviously must be disconnected from the system in 
order to clear the fault, and the point of interest is 
how long this fault may persist without causing 
generators 56, C, and D, to lose synchronism with the 
remainder of the system. Generator A is isolated 
from the system by the fault while the fault persists, 
and is isolated by its circuit breaker when the fault is 
cleared. ‘Therefore, only machines 6, C, and D 
are considered as the faulted generator, and generator 
A is entirely eliminated from the calculations. The 
equivalent simplified system for this case is shown by 
Fig. 7, the reactances now being expressed in per 
cent on the combined kva. rating of generators 6, 
C,and D. From this point the calculations proceed 
in the same manner as for the previous examples, 
leading to X = 94.1, rrg = 0.632 and the adjusted 
value of Irc = 1.80. This gives 0.53 sec. as the 
permissible fault duration. 

If the fault had occurred on the bus, the conditions 
during the fault would have been the same, but after 
the fault the tie between the synchronizing bus 
through the bus of generator A to the point Q is in- 
terrupted. This violates the fundamental assump- 
tion that the reactance after the fault is essentially 
the same as before the fault, so that the curves can- 
not be applied with the same degree of accuracy. 


UNBALANCED FAULTS 


The preceding analysis applies directly to three- 
phase faults. In many cases, however, investiga- 
tions of unbalanced faults are of interest. The 
method of symmetrical components shows that from 
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the stability standpoint an unbalanced fault may be 
represented by an equivalent impedance in series 
with the fault, the value of this impedance being a 
function of the negative and zero sequence impedances 


P 
Fig. 7. Simplified equivalent of Fig. 4 for fault at P 


of the system viewed from the point of fault. These 
impedances may be found by reducing the negative 
and zero sequence network either analytically or on 
a calculating board. 


CORRECTION FACTORS 


The following influences were not considered in set- 
ting up the curves of Figs. 1, 2, and 3: 
Resistance in the connecting lines and in the fault. 
Values of initial generator load other than normal rating. 


Voltage regulators. 
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. Systems not capable of reasonably accurate representation by 
two composite generators. 


The correction to take these effects into account in 
all cases shows that the permissible fault duration is 
as great or greater than would be indicated if the 
factors were neglected. It is felt therefore that the 
curves of Figs. 1, 2, and 3 can be used directly without 
any correction factor for most work. ‘This view is 
held because for most purposes the limiting cases 
form the basis of design. A fault of zero resistance 
and operation at full load give the greatest generator 
acceleration and therefore lowest indicated stability. 
Where systems do not reduce to two composite genera- 
tors, the stability will be as high or higher than when 
they do. Voltage regulators of course increase the 
stability. Therefore if the curves are used directly, 
without correction factors, the error will be on the 
safe side. It is appreciated, however, that in some 
cases the effect of these variations on stability is of 
interest in system planning and operations, and ap- 
proximate corrections have been set up to take care 
of these cases. Each of these variations has been in- 
vestigated analytically, and in some cases extensive 
calculations were necessary to determine their effect 
on stability. However, since it was considered most 
important that the correction factors be easily applied, 
some liberty in accuracy was taken in formulating a 
method of applying the corrections. It should be 
understood therefore that the correction factors now 
to be described differ somewhat from the theoretically 
correct values. They are arranged approximately in 
the order of their importance. Correction factors 
affecting the value of Ipc, if used should of course be 
applied first. 


RESISTANCE 


Resistances of the ordinary range have a minor 
effect on stability, with the exception of resistance in 
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the fault circuit; that is, those branches carrying the 
greatest proportion of fault current. Due to the 
large currents in the fault circuit, a relatively small 
amount of resistance will result in a considerable 
power loss. ‘This power loss compensates in a large 
measure the drop in load on the faulted generator due 
to drop in voltage, so that the tendency to pull out of 
step is minimized. Both Figs. 1 and 2 are plotted for 
faults at the generator terminals. Application of the 
location factor from Fig. 3 converts a fault at any 
other location to its equivalent fault at the generator 
terminals. For each point in Fig. 1 there is a corre- 
sponding point in Fig. 2, from which may be found 
the amount of power required to be dropped by the 
faulted generator for the equivalent fault at its 
terminals. If the amount of power dropped is re- 
duced by the presence of resistance in the lines or 
fault, the effect would be nearly the same regardless 
of fault location. Hence the result may be found by 
reducing the equivalent amount of power dropped by 
the amount of the resistance losses taken by the 
faulted generator, and reading the corrected value of 
fault duration from the proper reactance curve of 
Fig. 2. 

In the example previously considered for a fault at 
M with Irg = 5.38 and X = 42, a clearing time of 
0.39 sec. is indicated by Fig. 1. The same clearing 
time must be indicated by Fig. 2, hence, for X = 
42 and t = 0.39, it is found that 100 per cent power 
would have to be dropped by the generator during 
the fault if the fault were at its terminals. The 
curves have been drawn by plotting this power as 
per cent of the generator kw. rating, which is 85 per 
cent of the kva. rating. Now suppose generator A 
and its transformer have a total resistance of 1.5 
per cent on their rating; with 3.7 times full load fault 
current flowing, the /*R loss in the generator and 
transformer is 3.7? X 1.5 per cent or 20.5 per cent 
of the generator kva. rating, or 20.5 per cent divided 
by 0.85 = 24 per cent of its kw. rating. Then in- 
stead of the 100 per cent load dropped if the generator 
and transformer had zero resistance, the equivalent 
load dropped is 100 per cent minus 24 per cent or 
76 per cent. The permissible fault duration, con- 
sidering the effect of resistance, is then found from 
Fig. 2 for X = 42 per cent, and power = 76 per cent, 
and indicates a permissible fault duration of ().6 sec. 

In the example given above, the resistance in only 
the generator branch of the equivalent circuit was 
considered. The power loss was then easily de- 
termined, and was all supplied by the faulted 
generator. If the fault is located at some point on 
the system where there is a number of paths in 
multiple for the flow of fault current, the power loss 
may be determined by adding the J’R loss in the 
various branches between the fault and the genera- 
tor. The currents in the branches may be obtained 
by measurement of current in corresponding branches 
of the d-c. calculating board. They may then be 
squared and multiplied by the per cent resistance of 
the branches, and added to get the total power loss 
due to the fault. 

If resistance in the fault itself is to be considered, 
the power loss in the fault must be apportioned 
between the faulted generator and the remaining 
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generators. An approximate method of doing this 
is to multiply the total loss in the fault by the ratio 
’rc, and add this value to the loss in the generator 
branch of the fault circuit, if this is considered. As 
an example, for a fault at 1 assume 1/2 per cent 
resistance in the arc of the fault, in addition to the 
resistance of the generator and transformer. With 
10.4 times normal current, 10.47 X 0.5 or 54 per cent 
of generator kva. in power is created in the arc. 
This is equivalent to 54 per cent divided by 0.85 or 
63.5 per cent of generator kw. rating. Multiplying 
by rrc, 63.5 per cent X 0.3857 = 22.5 per cent power 
in the fault, taken by the faulted generator. The 
power dropped is 100 per cent for X = 42 per cent, 
and ¢ = 0.89 sec. When 24 per cent due to genera- 
tor and transformer resistance and 22.5 per cent due 
to fault resistance are subtracted, 53.5 per cent re- 
mains as the equivalent power dropped. This value 
of power dropped is seen from Fig. 2 to give a per- 
missible clearing time in excess of 2 sec. 


INITIAL GENERATOR LOAD 


For values of initial generator load other than 100 
per cent of kilowatt rating, first find the value of 
kilowatts dropped, corresponding to X and ? for 
rated initial load. Multiply this by the ratio of 
initial load to full load, and read the corrected 
clearing time from Fig. 2, for the curve corresponding 
to X. Example: with X = 42 per cent, ¢ = 0.39 
sec., LOO per cent kw. is dropped; if the initial load 
had been 75 per cent instead of 100 per cent, the 
approximate fault duration may be read ast = 0.61 
for kw. dropped = 100 per cent X 0.75 = 75 per 
cent and X = 42 per cent. 


VOLTAGE REGULATORS 


Voltage regulators with a moderate rate of excita- 
tion response will give a certain amount of improve- 
ment in stability over the values given by Figs. 1, 
2, and 38. ‘The precise amount is difficult to deter- 
mine, but from calculations made, assuming a rate of 
response sufficient to maintain constant flux in the 
generator field, a reasonable idea of possible improve- 
ment may be obtained. The results of these cal- 
culations when compared with the standard curves 
without voltage regulators show that over most of 
the range the improvement can be approximated by 
multiplying the value of Irg by 0.85 before entering 
the curves of Fig. 1. 


DIFFERENT TYPES OF SYSTEMS 


The curves of Figs. 1, 2, and 3 theoretically are 
applicable only to systems connected essentially in 
star form, typified by the synchronized at the load 
method of connection. This is because the simpli- 
fied systems which were analyzed in obtaining these 
curves were of the star form. However, analyses 
were made also of the ring connection, which repre- 
sents the maximum possible deviation from the star 
connection, and the results of these analyses did not 
differ very greatly from those of the corresponding 
star systems. Hence, although certain variations will 
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occur in special cases, no correction factor to take 
account of system connection is required for most 
work. 


GENERAL COMMENTS 


The results obtained from these curves, as is to be 
expected, will have the same order of accuracy as 
results obtained by a specific analysis of the actual 
system using the assumptions conventionally made 
to simplify the work. Further, experience and test 
have shown that actual systems have greater sta- 
bility than the usual calculations indicate. This 
fact should be borne in mind when using the curves 
for relay settings or system design, and in general, 


Engineering 


Lights the Darkness 


Shall mind or matter be fostered? In either 
case, engineering is lighting the path and 
will continue to light the way of the coming 
generation. This is the ninth article of 
the Engineering Foundation’s symposium 
“Has Man Benefited by Engineering Prog- 
ress?” 


By 
A.P. GREENSFELDER 


President, Associated Genl. 
Contractors of America 


Deis: is of two kinds: physi- 
cal the absence of light, and mental the absence of 
knowledge. Engineering multiplies the means for 
the earlier relief of both varieties. To create these 
means is one of the functions of the engineer. 

Turning night into day at first seemed sacrilegious. 
Other steps in scientific and engineering progress have 
shocked or scandalized many persons in the years 
that have gone, but they have come to be accepted 
matters of course. With the discovery of fire came 
the consciousness that human eyes could see in the 
firelight as well as in the moonlight. The history of 
illumination is truly romantic, the firebrand, the 
torch, animal oil, the candle, mineral oil lamps, 
gas, and successive steps in electrical illumination 
marking the accelerating steps in better lighting. 
Now, television causes no more violent agitation than 
a few ripples of public interest. 
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no additional margins of safety need be allowed. 

The greatest value of these curves probably lies 
in the facility with which they allow comparative 
studies of different layouts to be made. When used 
in this way the margins between actual and calcu- 
lated values of stability are largely compensating 
and therefore need be of little concern except in 
extreme cases. Sufficient knowledge concerning load 
and machine characteristics, particularly those fac- 
tors affecting damping, is not available at present 
to determine the margins with precision even as a 
result of the most careful and involved calculations, 
so that the curves presented here may be used in all 
cases where they apply until further data have been 
obtained on hitherto unevaluated factors. 


How has man utilized the lengthened day? First, 
to dispel the fears lurking in the darkness; next to 
light his path of travel; and then to permit recording 
and reading current historical events and accentua- 
ting religious ceremonies; later, to foster amusement 
after the hard day’s hunting, tilling of the soil, or the 
fighting of battles; and finally, to extend the oppor- 
tunities for education, commerce, and social inter- 
course. 

The discovery of window glass changed the design 
of structures for man’s habitation. Sunlight, by 
penetrating interiors, dispelled dampness and disease. 
The modern lighthouse and the city’s show windows 
are wonderful combinations of glass and artificial 
lighting; one promotes safety at sea, and the other 
adds to the attractiveness of marts of trade. Speed 
of night transportation depends absolutely upon the 
engineering application of light; locomotive, vessel, 
and automobile headlights, signal systems, and the 
illumination of highways and airports are all vital 
necessities. 

Modern buildings now go to two extremes, walls of 
glass and windowless walls. Conservation of day- 
light and complete control of illumination by exact 
diffusion of electric light both have their places. The 
“great white ways’”’ of our cities are just signs of our 
times. Steam turbine power stations, hydroelectric 
plants, interconnected transmission lines, all bespeak 
engineering achievements. 


INTELLIGENCE 


The dispelling of mental darkness is even more 
vital to “‘life, liberty, and the pursuit of happiness”’ 
than is the conquering of physical darkness. The use 
of ‘‘midnight oil’? has produced world leaders. Rub- 
bing the lamp of the fabled genii produced small 
wonders compared to the modern miracles of 
man. 

Whither our way? Shall we foster mind or matter? 
Shall we add to the mounting volumes of books or of 
buildings? How should they be correlated? 

We talk today of over-production. We lament 
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over-expansion of facilities for the production of 
goods. Then why not more homes and schools and 
hospitals, and better highways to make them accessi- 
ble, bridges to span the gaps of time as well as space, 
the sowing of ideas as well as seeds? 

Production is threefold: articles-to be consumed, 
wealth in private structures, and community facili- 
ties. Engineering minds constantly are eliminating 
wastes of production. By steadily improving rail- 
roads, highways, and other means for carrying goods, 
they have brought costs of transportation to amaz- 
ingly low figures compared with those of pre-railroad 
days. Now with even greater concentration, engi- 
neers should devote energy to reducing wastes of dis- 
tribution. Engineering methods, properly utilized 
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Electrochemical and_ electrometallurgical 
industries in the United States are said to 
consume a considerable percentage of the 
total annual electric power output for the 
entire country. The fundamental electro- 
chemical processes are discussed in a gen- 
eral way with typical examples given for 
each general case. 
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Lees of electrochemistry 
and electrometallurgy in the broad field of electrical 
engineering can be realized best when it is considered 
that (1) these processes furnish basic materials for 
manufacturing processes; (2) installed operating ca- 
pacity of these industries is large and increasing 
yearly; (3) a vast army of workers is employed in 
these industries which produce outputs valued at sev- 
eral billions of dollars; and (4) electrochemistry and 
electrometallurgy present a promising field for future 
developments. Quoting from the 1930 annual report 
of the A.I.E.E. committee on electrochemistry and 
electrometallurgy: 


“There are many who feel that the electrical industry is more in 
need of increased outlet for power than of further small gains in the 
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by business men, should be helpful in reducing the 
costs of merchandising just as they have been helpful 
in cutting costs of producing goods, power, and light. 
Engineers will be found ready to cooperate in solving 
the problems of merchandising. 

Engineering analysis is forecasting the future— 
lighting the paths which our children will follow. 
Engineering talent must and will aid in directing the 
tendencies of the time. Perhaps more schools and 
fewer smoke-stacks, more fine community edifices 
and fewer factories, more leisure and more light, are 
the present needs of our people. 


Editor’s Note: Pursuant to the invitation of The Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining 
to this or the other articles published in this series. 


efficiency of electrical apparatus per se, and that the great body of ex- 
pectant young electrical engineers must look for adequate opportuni- 
ties for advancement more to the fields of utilization and electrical 
processes than to the conventional ones (fields) of apparatus and gen- 
eration.” 


Before proceeding further with the discussion, defi- 
nition of the term electrochemistry together with 
some indication of its breadth may be in order. 
Electrochemistry in a general way may be defined 
as that branch of science and technology which deals 
with reciprocal transformations of chemical and elec- 
trical energy. Closely related to electrochemistry is 
electrothermics, dealing with chemical effects pro- 
duced by heat from applied electrical energy. 
Closely related also is electrometallurgy which deals 
with the application of electrochemistry or electro- 
thermics to the extraction or treatment of metals. 

The quantitative relationship between the amount 
of electricity passing through an electrolytic cell and 
the chemical effects which are produced is expressed 
in Faraday’s laws of electrochemical action. The 
year 1933 marks the centenary of this great discovery 
by Faraday. 

Electrochemical processes differ from many other 
applications of electric power in that a power supply 
of rather low voltage per unit is required, but at the 
same time one which is capable of delivering large 
currents. Because of the large currents required one 
of the principal problems involved is that of limiting 
the power loss between the power supply and the 
point of utilization. The provision of automatic 
control for electrochemical processes presents an- 
other problem with which the engineer engaged in 
this field is confronted; this of course is complicated 
also by the high current and low voltages employed. 
Still another problem arises in the provision of suit- 
able insulation in apparatus for use in wet processes, 
especially those involving acids, caustic solutions, or 
fumes. 


Use oF ELECTRICITY FOR DEPOSITING METALS 
One of the principal processes for depositing metals 


by electricity is that known as electrowinning. In 
this process metals or compounds are deposited from 
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solutions derived from ores or other materials using 
insoluble anodes. 

One of the more recent developments of this nature 
is the electrowinning of zinc. Principal advantages 
of this method of producing zinc are (1) the higher 
purity of metal produced (about 99.99 per cent pure), 
(2) the more complete extraction of the ore, (3) the 
fact lower grade concentrates are usable, and (4) ma- 
terials often lost in other processes are recovered. 
The raw material used is a flotation concentrate of 
from 19 to 58 per cent zinc. This is subjected to a 
roasting process to eliminate the combined sulphur 
dioxide; the resulting calcined product then is leached 
with sulphuric acid, the solution purified, filtered, and 
finally electrolyzed by passing a direct current 
throughit. Principal by-products of this process are, 
sulphuric acid and metallic cadmium. Other by- 
products which at the present time are lacking a 
market are germanium, thalium, indium, and gal- 
lium. 

Besides its application to the production of zinc, 
the electrowinning process is applied also to the pro- 
duction of other metals, notably copper, and to a less 
extent lead, tin, nickel, cadmium, and iron. 


ELECTROREFINING OF METALS 


Another deposition process which is of great im- 
portance is the electrorefining of metals. This con- 
sists essentially of the cathodic deposition of pure 
metal from the anodic solution of crude metal. The 
most important commercial process of this type is the 
electrorefining of copper, the estimated aggregate ca- 
pacity of eight large plants in the United States being 
about 3,000,000,000 Ib. yearly. 

Copper produced from the smelter contains small 
percentages of other metals, such as gold and silver. 


Courtesy of Westinghouse E. & M. Co. 


Fig. 1. A pair of d-c. generators driven through a 
10/1 reduction gear by a 3,600-r.p.m. steam turbine. 
Each generator is rated at 11,200 amperes, 140 volts 


To produce the exceedingly pure grade of copper re- 
quired for electrical purposes and at the same time 
to recover the silver and gold, the smelter product is 
refined by electrochemical methods. In a typical 
large plant the operation is carried out as follows: 
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1, Blister copper obtained from the smelter is first melted and cast 
into anodes. 

2. These anodes are immersed in an acid copper sulphate electro- 
lyte; current passed through the electrolyte deposits the pure copper 
on the cathode. 


3. Cathode copper is melted and cast into commercial shapes. 
Current density used in this process (step No. 2) 


varies from 15 to 25 amperes per sq. ft. of cathode 
surface. The efficiency of the process is about 95 per 


Courtesy of Hanson, Van Winkle, Munning Co. 


Fig. 2. Typical motor-generator set used for electro- 
plating. Generator is rated at 10 volts, 25,000 am- 
peres. Note commutator and multiplicity of brushes 


cent, according to Faraday’s law. Power supply for 
this refinery is obtained from turbine-driven genera- 
tors having a total output of 12,500 kw. at 2,300 
volts, 60 cycles. Power is transmitted to the tank 
house at this voltage where it is converted to low 
voltage direct current by motor-generator sets. The 
current passed through each tank is approximately 
8,000 amperes, at a d-c. potential of 0.25 volt per 
tank. 

Copper refined by the electrolytic process is char- 
acterized by its high purity, 99.98 per cent. Other 
metals refined electrolytically include antimony, bis- 
muth, gold, iron, lead, nickel, silver, and tin. 

Electrolytic refining of metals is a purification 
process which may be justified even though the per 
cent gain in purity may appear relatively small. 
The anode of crude metal may be more than 99 per 
cent pure but the elimination of a fractional per cent 
of impurities makes significant changes in physical 
and chemical properties. In typical cases, the re- 
fined metal is softer, has a higher electrical con- 
ductivity, is more resistant to some kinds of corrosion. 


ELECTROPLATING AND ELECTROFORMING 


Electroplating is another electrodeposition process 
of considerable importance. In general, electroplat- 
ing may be said to be the electrodeposition of arf ad- 
herent coating upon an electrode for the purpose of 
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“From “The Aluminum Industry," McGraw-Hill Book Co. 
Fig. 3. Cross-section of electrolytic 
cell for separating aluminum from its 


ore (bauxite) by the Hall process 


Courtesy of W. E. Moore & Co. 


Fig. 4. A three-phase electric arc furnace having 
a capacity of three tons per hour 


securing a surface with properties or dimensions dif- 
fering from those of the base metal. The specific ob- 
ject for which plating is carried out may be ornamen- 
tation, resistance to wear or corrosion, reflecting 
power, increased dimensions, or other factors. 

Of great interest and importance at the present 
time is the process of chromium plating. This was 
accomplished first about 70 years ago, but the past 
few years have witnessed an intensive development. 
Principal properties of chromium which are of inter- 
est in connection with its use in plating are its ex- 
treme hardness, low ductility, resistance to tarnish, 
and reflecting power, which is about 65 per cent (com- 
pared to 95 per cent for silver). For best results the 
thickness of a chromium coating is usually between 
0.00002 and 0.00004 in.; thicker coatings tend to 
crack and peel. For best results the chromium 
usually is applied over a preceding metal plating, 
preferably either copper or nickel. 

‘The bath used in chromium plating is chromic acid 
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with the addition of chromium sulphate or carbonate. 
For the anodes, lead or iron are used; bath tempera- 
ture ranges from 40 to 60 deg. cent. In this connec- 
tion it may be mentioned that the “throwing” power 
of chromium is relatively poor. By this is meant 
that the ability of the metal to distribute itself evenly 
over an uneven cathode surface is less than that of 
many other metals. 

In regard to the power requirements for chromium 
plating, a bath voltage of from 6 to 12 volts is needed 
(a rather high figure for plating). The current den- 
sity required is from 100 to 300 amperes per sq. ft. of 
cathode surface. The resultant ‘“‘electrolytic” ef- 
ficiency is rather low which together with the valence 
of 6 at which chromium is deposited makes the cost of 
current for chromium plating rather high, in fact it is 
about fifteen times that for an equivalent amount of 
nickel plating, but less chromium generally is used. 

Other electroplating processes, some of which are 
more or less well known, are cadmium, copper, gold, 
lead, nickel, silver, tin, zinc, some alloys, and even 
rubber. Recently some success has been attained in 
electroplating aluminum. Rubber, unlike the metals, 
is deposited at the anode and not the cathode. 

Electroforming is still another type of electro- 
deposition; this process is used for the production or 
reproduction of articles. Included in this class of 
processes are electrotyping; reproduction of engrav- 
ings, medals, and phonograph matrices; and the mak- 
ing of seamless tubes. The process provides an ex- 
tremely accurate method of reproducing a metallic 
surface, and it is said that lines 0.00002 in. wide can 
be reproduced faithfully. Metals commonly used in 
these operations are copper, nickel, and chromium. 


ELECTROLYSIS OF FUSED ELECTROLYTES 


Electrolysis of fused electrolytes is a process em- 
ployed for the electroseparation of certain metals 
from ores or compounds in the fused state. One of 
the most common metals separated from its ore in 
this manner is aluminum. Although aluminum is 
the most widely distributed of the metals in nature, 
its commercial use has become possible only in recent 
years, largely asa result of the electrochemical process 
introduced by Hall. ‘This process consists of simply 
passing a direct current through a molten bath of 
cryolite (Na;AIF,) containing dissolved aluminum 
oxide (A1,O;). 

The electrolyzing of the molten bath is carried 
out in specially designed cells sometimes called elec- 
trolytic furnaces or ‘‘pots.” (See Fig. 3.) For 
anodes carbon blocks are used, these being mounted in 
the tops of the cells. Aluminum in liquid form is 
separated by the action of the current passing 
through the molten bath, and is deposited in the bot- 
tom of the cell on the carbon lining which serves as 
the cathode. The anodes waste away gradually with 
the formation of carbon monoxide; the fused alumi- 
num is protected from oxidation, however, by the 
fused cryolite immediately above it. 

In commercial plants usually from 30 to 100 cells 
are connected in series. ‘The potential required per 
cell is from 5 to 7 volts, the current requirement being 
from 8,000 to 30,000 amperes. From 10 to 12 kw-hr. 


ELECTRICAL ENGINEERING 


of electric energy is required per pound of aluminum 
produced, with a resulting operating efficiency of 
from 75 to 90 per cent. In this connection it should 
be noted that the continuity of power service in a 
plant producing aluminum by this method is quite 
essential, for if a cell becomes frozen the contents 
must be dug out, the material is wasted, and the cell 
must be relined. Purity of the aluminum produced 
in this manner is about 99.7 per cent. 

For aluminum of higher purity, the Hoopes process 
for refining sometimes is used. This operation is car- 
ried on in specially designed cells also, but in this case 
the anode is at the bottom. Aluminum to be refined 
is a liquid alloy upon which is molten electrolyte, with 
the pure cathode aluminum at the top of the cell. 
The resulting product, which has a purity of better 
than 98.98 per cent, is relatively soft, possesses high 
electrical conductivity, and is resistant to corrosion. 

Other metals separated from their ores or other- 
wise treated in the fused state by electrolysis, are 
magnesium, sodium, calcium, lithium, cerium, and 
beryllium. Beryllium is a metal lighter than alumi- 
num, is hard and brittle, and is resistant to tarnish, 
but at present is not widely used. 


ELECTROLYSIS OF BRINE AND HyDROXIDE SOLUTIONS 


Electrolysis of brine and hydroxide solutions is 
carried out in large electrolytic cells, a direct current 
being passed through the solutions between suitable 
electrodes. Some of the more common products of 
these processes are chlorine, hypochlorites and chlo- 
rates, caustics, hydrogen, and oxygen. Alloys of so- 
dium also are produced in this manner in certain 
types of cells. 

Chlorine has many uses, some of the more common 
being in the paper and textile industries for sanita- 
tion purposes, for the manufacture of poisonous gases, 
and in the formulation of synthetic organic com- 
pounds of which carbon tetrachloride is a familiar ex- 
ample. Hydrogen is used in the manufacture of syn- 
thetic ammonia, in the hydrogenation of oils, in 
atomic hydrogen welding, and in other well-known 
processes. 

As regards the economic considerations involved 
in the production of gases by electrolysis, oxygen pro- 
duced electrolytically must compete with that ob- 
tained by fractional distillation of liquid air. Elec- 
tolytic hydrogen also competes with that obtained 
by other methods. There are many ways of pro- 
ducing hydrogen which vary greatly incost. In most 
cases, however, low cost of production is offset, at 
least in part, by the cost of subsequent purification. 
Hydrogen produced by electrolysis has a purity of 
from 99.5 to 99.9 per cent, and this is the only method 
in which purification is not generally necessary. 
Thus it is obvious that although the cost of producing 
the gas may be somewhat higher by the electrolytic 
method, the total cost of the gas when other methods 
are used, including purification, is such as to make the 
electrolytic method attractive, particularly if there is 
a market for the other products of electrolysis that 
go with it. 

Ina plant recently described, units of 140 cells each 
are used, these being connected in series. Current 
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and voltage requirements are respectively 2,500 
amperes and 700 volts (5 volts per cell). Each unit 
produces 5,500 cu. ft. of hydrogen per hour. 


ELECTRIC FURNACES AND ELECTROMETALLURGY 


Temperatures higher than those obtainable by 
combustion methods are required in the manufacture 
of many electrochemical and electrometallurgical 
products. In such cases, heating by electricity finds 
a ready application. In general, electric heating 
possesses greater flexibility of application than heat 
obtained from gas or solid fuel combustion. This 
means that heat produced from electricity usually 
can be developed at or adjacent to the point of use 
more rapidly and effectively than when fuel is used, 
with the further advantage that smoke, ashes, and 
fumes are absent. 

In many electrometallurgical operations heat is ap- 
plied to the material undergoing treatment in an 
electric furnace, of which there are various types. 
The electric furnace, however, is not inherently an 
efficient device, and special care must be exercised 
so that the electric energy will be applied properly. 

In resistance furnaces heating is accomplished by 
electric current (either a-c. or d-c.) passing through 
some resistant material which may be either the re- 
acting substances or a resistor from which heat is im- 
parted to the reacting substances. One of the typi- 
cal uses for the resistance furnace is in the manu- 
facture of carborundum. In this case the current 
passes through a core surrounded by silica (SiO2) and 


Fig. 5. (Right) Diagram of 
induction furnace showing 
magnetic field and stirring 
effect produced in the charge 
by eddy currents 


40 
PLO 


Fig. 6. (Below) Curves illus- 
trating improvement in com- 
mercial dry cells; output is 
shown for same brand of cell 


in 1921 and 1929 


SE 
Seal 


== 
~ON 


S . 
eveneeceees 


SS 


LOR LLL 


iG 


Courtesy of Ajax Electrothermic Corp. 


ODOOOOOOOD OO O00 ONO 0000 


we, 


10-OHM CONTINUOUS TEST 
6-INCH DRY CELLS 

CELLS OF THE. SAME MAKE” 
USED FOR EACH TEST 


o__ 1929 RADIO A CELL 


1929 GENERAL 
PURPOSE CELL 


1921 GENERAL 
PURPOSE CELL 


° 


287 HRS. 


CUT OFF VOLTAGE 1927 = 


CUT OFF VOLTAGE 1920 -|927 
0.6 


CLOSED CIRCUIT VOLTAGE 


BUREAU OF STANDARDS 
DIV. tT. SECS 


TIME OF DISCHARGE (HOURS) 


Courtesy of Commercial Standards Monthly (Aug. 1930) 


241 


carbon. ‘The reaction is such that the silicon and car- 
bon combine to form carborundum (SiC) and carbon 
monoxide. 

Another common type of electric furnace now in 
use is the arc furnace which is used principally in the 
iron and steel and ferro-alloy industries. Arc fur- 
naces may be subdivided into two general types: (1) 
that in which the are occurs between the electrode 
and substance undergoing treatment; and (2) that in 
which the arc occurs between electrodes. Ferro al- 
loys represent an important product of this class of 
electric furnace. These include not only alloys 
which are suitable for producing steels having certain 
definite properties, but also alloys such as ferro silicon 
and ferro manganese which are used for cleansing and 
deoxidizing purposes in the manufacture of such 
steels. 

Another important kind of electric furnace is the 
induction type. ‘These furnaces are used on alternat- 
ing current only. ‘The first variety of these consists 
essentially of a transformer with a single short-cir- 
cuited turn as its low voltage winding, this turn 
formed by the material undergoing treatment. The 
second type is known as the high frequency induction 
furnace, in which eddy currents are induced in the 
charge or crucible. (See Fig. 5.) These eddy cur- 
rents produce the heat. Induction furnaces have 
found their widest application in non-ferrous metal- 
lurgy, but recently some of the high frequency fur- 
naces have been used for melting special alloy steels. 
The size of induction furnaces has been increased 
recently and high frequency furnaces having a ca- 
pacity of four tons are now in use. 


BATTERIES 


Perhaps the most common electrochemical ap- 
plication to the average electrical engineer is in 
connection with electric batteries. The well-known 
dry cell is a common example of primary battery and 
requires no further introduction. It may be of in- 
terest to note, however, that the efforts of research 
and testing have borne fruit in this field, as well as 
in others, and have resulted in the production of cells 
of greatly improved quality. This is brought out 
in Fig. 6. 

Storage cells or accumulators also are familiar to 
the average electrical engineer and in general need 
no further description or explanation. ‘They provide 
a portable source of power, or a dependable reserve 
source of power, and are applicable in cases where 
other power sources are lacking, as in farm-lighting 
plants and in submarines. The weight of storage 
batteries represents their principal limitation. Theo- 
retically 12 ampere hr. per lb. per cell might be ob- 
tainable, but the present practical limitation is about 
half that figure. 


CONCLUSION 


Treatment of the subject matter of this article 
necessarily has been generalized in nature. That it 
would be impossible in an article of this length to give 
any detailed treatment of a subject embracing such 
a wide field of activity as electrochemistry, is quite 
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obvious. Nevertheless, electrochemical and electro- 
metallurgical operations have been demonstrated to 
be a fruitful field for the application and utilization of 
electric power. For this reason alone the subject 
should be of interest to electrical engineers in general, 
and especially to the great body of expectant young 
engineers. Development of new materials and proc- 
esses, however, based upon the utilization of this 
power is a field requiring talent of high order; but at 
the same time it is one which should prove extremely 
attractive to men of electrical training who can and 
will superpose upon that training a knowledge of the 
fundamentals of chemistry. 


Heart Injury 
From Electric Shock 


Experiments and observations show that the 
heart is especially susceptible to injury from 
electric shock. Using experimental animals, 
measurements of heart currents showed that 
about 10 per cent of the total ‘“‘shock’’ 
current actually flowed through that organ. 
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Ge of the effects of electric 
shock upon rats indicated that the injury in most 
cases was confined to that portion of the body which 
was traversed by the current. (A.I.E.E. Jx., V. 49, 
Jan. 1980, p. 25-9; A.I.E.E.TRANS., v. 49, 1930, p. 
381-94 and v. 50, 1931, p. 1165-70; Elec. Jl., v- 
28, 1931, p. 472.) Accordingly a series of experi- 
ments was instigated to determine the effect upon 
the heart, since this organ is believed to be especially 
susceptible to injury from this source. As the extent 
of the injury is believed to be proportional to the 
amount of current flowing, experiments were directed 
toward determining the actual current flowing 
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through the heart when contact with a circuit was 
made at various parts of the body. 

Because the ventricles of a dog’s heart are readily 
thrown into a permanent state of fibrillation by the 
application of a relatively weak current, as is the case 
with man, dogs completely anaesthetized with 
morphia and ether were used in the investigation. 
By ventricular fibrillation is meant the failure of the 
ventricles of the heart to beat with a coordinated 
rhythm; under this condition all individual muscle 
fibers of the heart contract asynchronously and 
accordingly no blood is circulated by that organ. 


MEASURING THE HEART CURRENTS 


Many interesting features were involved in mea- 
suring the current through the heart, but it was some- 
what simplified by the fact that as a source an 
ordinary 60-cycle a-c. circuit was used. After some 
preliminary experiments, it was decided to measure 
the current by means of a ring or through type 
current transformer with the heart itself forming the 
primary conductor. If made small enough, a de- 
vice of this kind could be introduced into the chest 
and surround the heart without seriously disturbing 
natural conditions. For the cores of these trans- 
formers the highest quality magnetic material was 
used. (The authors wish to take this opportunity 
to thank the Bell Telephone Laboratories, Inc., and 
the Westinghouse Electric and Manufacturing Com- 
pany for their kindness in furnishing the cores.) 
These cores were ring shaped and had approxi- 
mately a square cross-section with an area of 0.01 
sq. in. ‘These transformers were made up in various 
sizes from 5/s; in. to 3 in. in diameter, for use with 
different sizes of hearts as found in different ani- 
mals. 

Each transformer core was thoroughly insulated 
with varnish, after which the secondary windings, 
consisting of No. 36 B&S gage silk-covered wire, 
were wound on by hand, great care being exercised 
to wind closely and uniformly. Each transformer 
core was wound with a whole number of layers, 
with the result of course that different transformers 
had different numbers of turns, these varying from 
1,500 to 2,500. This introduced no difficulty, 
however, as each transformer was calibrated sepa- 
rately. 

In making measurements the terminals of the 
transformer secondary winding were connected 
across a potentiometer type rheostat, and the de- 
sired portion of potential drop fed into a vacuum 
tube amplifier; the output of this amplifier was a 
measure of the current flowing through the heart. 
Complete details of this electrical equipment are 
published elsewhere (Rev. Sci. Insir., v. 2, p. 541, 
1931). 

Operation of these transformers was carefully 
checked using a conducting bath of sodium chloride 
solution as the primary or central conductor; the 
bath was of such dimensions as to insure uniform 
current density at its center. These tests showed 
that with the small currents used, the transformer 
secondary currents in all cases were proportional to 
the currents actually flowing through the area en- 
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closed by the ring. Therefore, subsequent measure- 
ments obtained with the ring enclosing the heart gave 
direct indications of the amount of current flowing 
through that organ. 


INSERTION OF THE TRANSFORMER 


The heart is located in the thorax and is enclosed 
in a membranous sack called a pericardium; the organ 
lies free in this sack, its only permanent connection 
being the great blood vessels at its base. To insert 
the transformer, the thorax was opened under arti- 
ficial respiration and the pericardium freed from its 
attachment to the diaphragm; the transformer then 
was passed over the apex until it fit snugly about the 
mid-region of the ventricles where it was held in 
place by ligatures passing through the pericardium. 
After the transformer was in place the pericardium 
was sewed closely to its original attachment on the 
diaphragm, after which the chest was closed, except 
for a small opening needed to carry out the trans- 
former secondary leads. By closing the chest after 
insertion of the transformer and maintaining rhyth- 
mic mechanical inflation and deflation of the lungs 
physiological conditions were preserved as carefully 
as possible. The transformer secondary leads then 
were connected to the current measuring apparatus, 
and the electrodes were applied to various parts of the 
animal’s body. ‘The electrode circuit was arranged 
so that the current could be adjusted as desired. 


RESULTS 


When the current pathway was from the head to 
the lower extremities, that is, parallel to the axis of 
the trunk, from 9 to 10 per cent of the current flowing 
through the body was found to pass through the 
heart. A slightly greater percentage of the total 
current was found to flow through the heart when it 
entered at the right fore-leg than when it entered at 
the left fore-leg. 

In cases where the current entered at one fore-leg 
and passed out at the other, the experiments showed 
that only about 3 per cent of the total current 
passed through the heart. In these tests the current 
flow was across the body, and accordingly the trans- 
formers were attached to the right side of the heart. 
No current could be detected flowing through the 
heart when the current path was from hind-leg to 
hind-leg. Current distribution throughout the ani- 
mal’s body was found to remain substantially con- 
stant for a full half hour after death. 

Current required to initiate fibrillation in the 
heart also was studied in several cases using a 5-sec. 
shock for each test. The amount of current necessary 
to produce this condition was found to vary con- 
siderably among individual animals as would be 
expected; the maximum, minimum, and average 
values observed were, respectively, 15, 6, and 9 milli- 
amperes. 

In order to check the accuracy of the results 
found for different current pathways, several tests 
were made to determine the amount of current that 
must be applied at the surface of the body to produce 
fibrillation, without the ring transformers in place. 
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Results of these experiments confirmed earlier find- 
ings; therefore, only one will be mentioned. In this 
case, a current of 90 milliamperes, entering at the 
right fore-leg and leaving at the lower extremities 
of the animal’s body, was required to set the heart 
in fibrillation. With the current flowing between the 
animal’s two fore-legs, 248 milliamperes were required 
to produce the same condition. 

From the results, of these experiments it is evident 
that a much greater proportion of total current 
flowing through the body will pass through the heart 


when the current pathway is from either hand to 
either foot than when it is from hand to hand. The 
finding that more current flows through the heart 
when the current path is from the right side to lower 
extremities than is the case when the current enters 
the body at the left side, confirms earlier experi- 
mental work with rats. 

The authors wish to take this opportunity to 
acknowledge their appreciation to the committee on 
physiology of the Conference on Electric Shock for 
providing funds for this work. 


A Review of European 
Railway Electrification 


The development, present status, and future 
plans of railway electrification in western 
Europe were studied by the authors during 
the spring of 1931 on an inspection tour of 
the more important systems. General find- 
ings and part of the data secured are pre- 
sented here. 


By 
W.S. GORDON, JR. 


ASSOCIATE, A.1.E.E. 


E. JABOOLIAN 


ASSOCIATE, A.1.E.E. 


Philadelphia, Pa. 


New York, N. Y. 


D URING the past 30 years in Europe, 
as in America, heavy electric traction has evolved 
from short installations on sections of road difficult 
to operate with steam to the present heavy traffic 
high speed projects which find justification economi- 
cally as well as in the increased use of existing facili- 
ties. Although as indicated in Table I the United 
States leads the world in aggregate miles of electrifi- 
cation as it does in total railway mileage, less than 1 
per cent of the mileage in this country is electrified 
while 6 per cent is the corresponding figure for the 
western European countries. Despite the present 
economic crisis, the electrification of 275 route miles 
was completed recently and 1,042 route miles are now 
under construction or authorized. 

In most of the European countries the standard 
system of electric traction as indicated in Table II 


Written especially for ELECTRICAL ENGINEERING. 
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has been adopted by governmental action; in many 
of the countries other traction systems also are em- 
ployed to a minor degree. There are four major 
traction systems in Europe: the single-phase and 
three-phase a-c. systems, and the 750/1,500-volt and 
3,000-volt d-c. systems. The single-phase a-c. sys- 
tems (mostly 16.7-cycle, 15-kv.) and the d-c. systems 
(mostly 1,500-volt) are rapidly expanding; the three- 
phase (16.7-cycle 3,700-volt) system probably will be 
slowly extended in the present region. Countries us- 
ing the a-c. and d-c. systems differ in method of power 
generation; the d-c. systems purchase or generate 
power at commercial frequency and are connected 
with the national power networks, often considered 
of vital importance in selecting a standard traction 
system. The a-c. systems (with the exception of 
Sweden) generate almost all of their power at traction 
frequency with transmission independent of the in- 
dustrial network. 


=a 
= 

“ei 
3 
by 
=| 
z 
= 
z 
B 
& 
=e 


Castel Madama substation on the industrial-fre- 
quency line of the Italian State Railways. Note 
the three-phase 10-kv. overhead line construction 
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Table I—Mileage and Equipment of European Electrified Railways—End of 1931 


Total 


Electrified Mileage Locomotives Cars 
Railway Operated Construction Passenger 

Country Mileage Route Track Route Total Electric Total Electric Freight 
PAIGET Gee ote th. ctianas ahs PS eae Se OLOC RE es GOO Aisa e ere 7.8 Wath cate VIS Severe oc A OSM eae ae dusts 5;840i2 250150 Tit ee 31,180 
etancesmte otes esate. te HCL ACY Bite Caran OTL P1711 | BS ie ie POORa ere TA6485 Seen ae 8 OUStaee ia 24 AGO fons tees 910) sistent 391,660 
(elie naa hd ee he eae BG, 281s saee aes OG3 Aer oe DST Oxales sa Bo ware acr Da SUES Se: ate AAO Te. cre 65;480n ee ax: 2 OOOG sei ete ord 641,000 
Great Britain......... 20, 3002. h on na BOD Pyar ceis a7k BUS, 255 = ees DO scien Ap Ney §} eat eee Dames assess CL, 0205.2 sees 31058... “shee 690,220 
PS Lee oe ie 13,5600 aves. pS Le eyaieens 2500 08 5. vet pe bs eas Bere 55 SO2 121 Q050 penn.) ve S580 ons wor 54 eas eer 152,410 
INetherlandSss..c.cn = 9 2j200e 8-1 c wate NAT Pe ear s DAS): eee ae ee se Di GAGm satin ace 55210. ss SOL cere 35,120 
Saimin ee oe LO) LOO uae as > S10 re ft erence saae 2 ed rs choke 110 e avehe 
WWEGERS te dense ens LOLGU Ta choses ove Me Ob Retetapas thar HO4O% Sates + B21 Re Aaa LOGO sore nou 2a Gee anes 4,000) 5 oe. ue 4 i oe Sis 50,000 
Switzerland 522 5-5. % BBO Ge ety ob 1 bOOMS an ager DUO, cae erat LOST Gan. PBoO se states BHLOe an ree DisaU Ay aerate Bit wae 20,200 
KE otalseree in contin ree a OU ramos T2086: Pecan i Py Ameer ote US OA Zien au CP an iid OD Lata ce ts Re ae ee OVOO Lee ymin 
United States........ 250,026........ BGO ae es i DOO. ata x ZOO. Hw aes yy i ea COON nor conan G3,/020 7320525: BLOT Ditetatesnrsts 2,307,000 


a Including 1,500 cars of Berlin suburban service; 800 volt d-c. system. 
b Including locomotives on order: Italy, 95; Sweden, 104; Switzerland, 33. 


* Not including approx. 600 miles of electrified secondary lines in each country. 


Table II—General Means of Traction Energy Supply 


Traction System Generation Transmission Conversion 
Country Adopted Steam or Hydro Frequency Ownership Ownership Method* 
TUR UTA Be yes ate ek bes hey oo A{GAT phii6.7 cy: Loikv. 212. .2%. Hydro..... ST ERCUHON «co 2,50 Railway..... ...Railway.... Transf...... 
France...... 2 Ge 1 BOO Wolts; Shain 7: eG FAV OLOS: ny edudustrial.-... Raiiway..... ..-Railway.... 6.Cc. & R 
CSOTIMBEY. oc yn A.C. 1 ph. 16.7 cyc. 15 kv. . Hyd. & St ie A rections dc. 5 « Ry. & Ind ..Ry. & Ind.. Transf.. 
Great Britain... PD @e 7 00/1, 500! Valts.a.ni veo Steam...... .. Industrial... Ry. & Ind ..Ry. & Ind.. $.Cc. & R 
Dtaly om, GALGi S philasthKV <7ee LOss CY. Hydro .Traction.... Railway..... .Railway.... Transf..... 
3558 OS STS : wul.G, 3,000 volts ....00o% : Hydro ..Industrial... Ry. & Ind ..Ry. & Ind... M.G.&R 
Netherlands... ..D.C. 1,500 volts... Steam .. Industrial... Gov. & Ind ...Ry. & Ind.. M.G.&R 
SSP MATS acs, sede «3 os ee D.G Ub00tvoltsrar. acne Hydro .Industrial.... .Industrial.... ..Railway.... Sat Bh es 
Sweden........ eAcCad ph, 16:7 cy, 16kv. 24 S yare.. .Trac. & Ind.. .Gov. & Ind.. Ry. & Ind. 5M Gisele ats 
Switzerland.......... A: Cot ph. 16.7 cy..- 1S ve, ck. 05 iV. drOme ets 10s! "Teachion.. . sot. «20 oe RUBLLWay..> tor: 6 Railway...... 2 Tfansi..: 
* S.C. = Synchronous converters; R. = Rectifiers; M.G. = Motor-generator units; Transf. = Transformers. a a a 
Railways using the d-c. traction system are install- Table IIll-—Contact Wire Heights 
ing mecury arc rectifiers in preference to synchro- —~ —— Dees! 
nous converters or motor-generators. Rectifiers are Normal Misvee Mesa 
° sre ve .-In. t.-In. t.-In. 
preferred even when regeneration 1s important, but ee Wt eveabaters z 
since it is not feasible at present to construct rectifiers eae ae ai we 
to handle regeneration, this energy is dissipated in Germany....... 19—8. 14— 9 21—4 
resistances. Steep gradients make regeneration at- arabe i ecu aes oP 
tractive, but few of the countries have utilized this Netherlands. .. ,.18—1, 15— 9 pia 
< s : D : Spain cis s LS Lie 13—11 2 
form of braking extensively; rheostatic braking 1s ear A PL args 15 9 20-6 
more commonly used, but to a limited degree. In Switzerland... 18-1... ae 5 aa 


the opinion of many of the railway administrations 
the form of draft gear (buffer and screw coupler) 
does not facilitate a locomotive safely braking the 
train. The installation of automatic couplers, and of 
air-brakes on freight equipment, is now under discus- 
sion; if carried out, automatic air and control circuits 
will be included in the coupler, differing from the 
present American type. 

Locomotive construction generally is being stand- 
ardized so that several manufacturers may supply in- 
terchangeable parts built from railway drawings. 
Similarly the same parts and groups are often adapted 
for use on various locomotive types. As in the 
United States, there has recently been a great im- 
provement in the design and construction of the 
single-phase a-c. commutator motor, and such motors 
have proved extremely satisfactory. Individual axle 
drive locomotives generally are built for high speed 
express and passenger services and the side rod drive 
for slower services. The intervals between general 
overhauls vary widely in the different countries and 
apparently are not greatly influenced by the type of 
traction system. 


AprIL 1932 


Wrnited States. <sicse sis. s ns 


It is a common practise with motor car equipment 
to place all electrical apparatus, including resistance 
grids, in a compartment. Cleanliness, accessibility, 
and protection. from damage are the advantages 
claimed at the expense of using valuable space and the 
difficulty of securing adequate ventilation. How- 
ever, as in America, several European railways have 
placed this apparatus under the car body and have 
found this arrangement satisfactory. The use of 
electric train heating has made it necessary to 
standardize on the type of heaters and jumpers inde- 
pendent of the traction systems, as passenger equip- 
ment to a great extent is interchanged. In many of 
the countries the cars are equipped for both steam 
and electric heating; when trains include cars with- 
out electric heaters, boiler cars are added. 

Other noticeable features in Europe are the lower 
insulation values and the lightness of the catenary 
contact systems. Contact wire height ranges are 
given in Table ITI. 
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Italian State Railways 3,000-volt d-c., high-speed passenger locomotive, group E-326 


Table I!¥V—Data for French Railways 


Electrified No. of 
Mileage Elec. Electric 
D:C: Locomo- Cars & 
Railway Voltage Route Track tives Trailers 
State Railway (Paris).... .650.... BL Sea She ees BOE ae sheckia hs 445 
Paris-Orleans'..). 35060 ses 1,800..5., 148 225 615-035. 2OG).2 vs creme ee 
DASA So -oss oaha a, « sues e rea abate A500 ere (OU Saeed OU teeters BAG. . bduobere 45 
Paris-Lyons-Medit’n..... 1 DOO were. 82* Sc LOS ae ea Ole 180 
Motels toe vss suenais orcas iehe —— 1,011 12,200 Se tep hs) 910 


* Approximate. 


FRANCE 


Four of the six principal railway systems in France 
operate electrically about 3.5 per cent of the country’s 
total mileage (see Table IV). The 650-volt third rail 
Paris suburban lines of the State railway are operated 
using mu'tiple unit trains with some freight and pas- 
senger traffic handled by electric locomotives. At 
present further extension of the electrification does 
not appear likely. The Paris-Orleans railway oper- 
ates electrically south from Paris to Orleans (78 
miles) and Vierzon (127 miles) ; recently a 72-mile ex- 
tension from Orleans to Tours was authorized. The 
1,500-volt d-c. synchronous converter and rectifier 
substations are supplied from the railway’s hydro 
stations which also exchange power with commercial 
power systems. Motive power consists of 10 high- 
speed passenger and 195 medium speed freight and 
passenger locomotives for freight and through pas- 
senger service, and 80 multiple-unit car sets. Sub- 
urban trains consist of 1, 2, or 3 three-car 990-hp. 
multiple-unit sets with control equipment mounted 
under the car body. 

The most extensive electrification is that of the 
Midi railway, operating in southern France along the 
rugged country of the Pyrenees, with three lines into 
Spain. An extensive network of hydro stations and 
high tension lines interconnected with commercial 
systems supply power to 1,500-volt d-c. synchronous 
converter and rectifier substations. Of novel interest 
is the use of an inclined catenary contact system. 
Ten high-speed vertical drive locomotives are in 
service for fast international trains and six loco- 
motives were ordered recently. There are 100 smaller 
medium-speed passenger and 130 freight locomotives; 
rheostatic braking is used on all of the freight and 
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half of the passenger locomotives, and regenerative 
braking on the balance. Forty-five 700-hp. multiple- 
unit motor cars handle local trains. 

The Paris-Lyons-Mediterranean (P.L.M.) system 
is electrifying a section of its line in southeastern 
France on one of the main routes to Italy. This in- 
stallation is interesting for its use of a 1,500-volt third 
rail, an overhead catenary line being used only at sta- 
tions. Unusually powerful locomotives are used on 
the mountain grades. 


SPAIN 


The Spanish Northern railway has two important 
1,500-volt d-c. electrifications, one in the west be- 
tween Irun and Alsasua on the Paris-Madrid route 
and the other in the east between Barcelona and 
Manresa, Ripoll and Puigcerda, using multiple-unit 
cars and powerful passenger and freight locomotives, 
as well as a 3,000-volt d-c. mountain electrification 
on the Pajares grade in the extreme northwestern 
region. These lines are wide gage (66 in.). The 
Vascongados railway between Bilbao and San Sebas- 
tian operates an extensive meter gage system at 
1,650-volts direct-current, and in western central 
Spain there is a meter gage 3,000-vo!t d-c. electrifica- 
tion of a road which handles principally minerals. 

The electrical operation of all the trunk lines was 
reported by a government commission as economically 
justified, but because of the present financial and 
political conditions it will:probably be some time be- 
fore this extensive program, covering more than 3,500 
route miles, is started. 


ITALY 


The lack of coal resources and the abundance of 
water power in Italy early invited the use of electric 
traction. After the World War the Italian state rail- 
ways, as part of their program to improve rail trans- 
portation, extended electrification to many trunk 
lines and adjacent branches. More than 10 per 
cent of the route mileage, handling about 20 per cent 
of the total traffic, is now electrically operated. 
The extent of the four electric traction systems is 
indicated in Table V. ‘This diversified electric 
traction experience is of special interest to railway 
electrification engineers. 
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Originally adopted as the standard for the country, 
the three-phase 16.7-cycle 3,700-volt a-c. system in 
the mountainous northwestern section of the country 
is now one of the most extensive electrifications in 
the world. ‘Traction power is purchased or generated 
at traction frequency and distributed by the rail- 
road’s network of low-frequency transmission lines to 
transformer substations. A satisfactory three-phase 
overhead contact system, consisting of one or two 
wires per phase, has been developed although it is 
complicated and expensive to construct and main- 
tain. ‘The locomotives, through refinements in de- 
sign and construction, are very reliable in operation 
and low in maintenance costs. “wo speeds, 16 and 
32 miles per hr., are obtained on freight; and four 
speeds, 23, 32, 46, and 64 miles per hr. on passenger 
locomotives. The principal difficulties with this 
traction system are the unsatisfactory operation of 
collectors and contact line at high speeds and the im- 
practicability of closely regulating the speed. 

Although the three-phase low-frequency system 
was satisfactory for the mountain territory, its ex- 
tension to central and southern Italy was not deemed 
desirable for it did not satisfy two requirements con- 
sidered essential in selecting a system for extensive 
electrification : 

1. For level lines a speed of 65 miles per hr. and higher should be 
reached easily and be capable of slight regulation. 


2. To utilize to the best advantage the water power resources of the 
country, traction power should be of the same frequency as industrial 
power and where possible existing generating and transmission facili- 
ties should be used. 


With these requirements in mind the three-phase 
45-cycle (industrial frequency) and the 3,000-volt d-c. 
traction systems were selected in 1919 for trial in- 
stallations. The three-phase 10-kv. 45-cycle system 
was installed in 1927-31 on the 107-mile line of 3.1 
per cent maximum gradients crossing the Apennines 
between Rome and Sulmona. ‘Three types of loco- 
motives, also designed for operation on the low fre- 
quency system, are in service. Italian railway en- 
gineers consider this traction system superior to the 
low frequency system, as regards generation, trans- 
mission and conversion; however, locomotives are 
heavier, more complicated and expensive, and the 
contact system more costly to build and maintain. 
Despite the satisfactory operation it is doubtful if 
this system will be extended as it fails to meet the 
first of the above mentioned requirements. 

The 3,000-volt d-c. system was installed initially in 
1927-28 on the 63-mile line of 2.3 per cent maximum 


gradients between Foggia and Benevento in southern 
Italy. Electrical operation was recently extended 
60 miles to Naples. Power for this line is purchased 
entirely from commercial power systems and con- 
verted in motor-generator and rectifier substations. 
A constant tension double contact wire catenary 
system is installed. For this line a freight and a 
high-speed passenger locomotive were developed and 
these two types thoroughly tested in service. 

The high voltage d-c. system eventually will be 
used on the recently completed Naples-Rome direct 
line and now is being installed on the direct line under 
construction between Bologna and Florence. The 
present 82-mile line between Bologna and Florence, 
the central main route between northern and central 
Italy, has maximum gradients of 2.6 per cent with 
numerous tunnels and is a line difficult to operate 
with steam power. During 1921 to 1927 it was 
electrified with the three-phase 16.7-cycle system. 
Construction on the more direct line with lower gradi- 
ents through the Apennines was started in 1920 in- 
volving the longest double-track tunnel (11.5 miles) 
in the world and reducing the route distance 21 miles. 
Completion is expected in 1934 and then the present 
three-phase line will be converted to the 3,000-volt 
d-c. system. 

The extensive use of portable substations for the 
a-c. and d-c. systems is original and unique. For the 
16.7-cycle system a 2,250-kva. three-phase trans- 
former with oil switches is mounted on a special flat 
car of 100 tons total weight. A 2,000-kw. 3,000-volt 
rectifier unit is mounted on a partially enclosed car 
which weighs 82 tons complete with transformer and 
all switching apparatus. Two such rectifiers have 
been delivered for test and on new lines it is planned 
to use such units in place of some of the usual fixed 
stations. 


Table V—Electrified Sections of Italian State Railways 


Electrically Operated Construction 


No. of 


First Mileage Mileage 


Electrification System Year Locos. Route Track Route Track 


Three-phase, 16.7 cycle, 3,700 v.. .1906. [730 oh 906s davviees 00m OO™ 
Three-phase, 45 cycle, 10 kv...... 1928.4 18). 3) L08.c 502. 
High voltage D.C. (3,000 v.)..... P1027 cal ae 120. 207.5, 60%.160" 
Low voltage D.C. (650-800 v.).....1901.. Debi LIA 220 

TOtal ir aiee ce ake Merete sieieere ie wise 888 ..1,248. .2,349, .119. .250* 


@ Including locomotives under construction. * Approximate. 


» Plus 33 motor cars. 


Table Vi-—lItalian State Railway Three-Phase A-C. Locomotives 


16.7 Cycle, 3700 Volt 


45 Cycle, 10 Kv. 


Freight F&P Passenger Frt. Pass. 
Axle classification.........++ ID eee Cocoon’ DoE A Goa rrclo ce Bo citesiaisisne gives s1« Res on ca gomeor UD dine caver ener: le = 1D1 Dearest OCs 1D1 
Group number.........--++-- MGSO Ra cea a' EBD Us ee ek e308 se 6 Ne ee ae CIOS boy RE Pere eer ae Se Lata ete cue <6: 432s neces E570 eae 
VWieat DU Ges sctiens els) intefaan ela HQOGE Cia cre) ore ers BD D4 patel stal/ao tor dliace TOSS oni. «oie ole NODS aeidatatcroiers 2 ae ree bieeraiese es WO28. ci doreisatergaes LOS rate sins one 1923-30 
Number built... 2.5 cee sss 186. Pics siereteys SR) eehecrateialcielars Sse ctetencye: snerers AQ RK ccucesce S7see tere... AQus eae ASMA oa a2 onsve “a 
Max. speed, m.p.h.......-.+- Cisne oy napaite) in Sian apa wei Ys Bi esa tems G2 nis rs 62 boda they Pemee of A R= es HC 37.5 ae 
Weight, tons.........------: "7 Ol. crate a erate SOS Dea cr ateteyavens POMIDE sae herds GOoe SIO GAAS ere tas .oce OQ Rae orci ue LOZ aie e eae = oie Ptecan’e biaawiehs 00. 
Hp.—1 hr. rating.........--- DD OO \nccreis stterare DAY AUE 8 bey oad os: OH AAU GHIne MOrOOe DGS mee ec cate DGS) seprcteetays «= pace. picts 2,270 ahs sta astate a.600- 
No. of motors............--- ONS S55 aaa ERAN cerAE | Wai teceyyre: oi dere DS TL ORROE Dib ct ene CE : Pt = SER Nh oe f ae 
No. of speeds........---++:- Dy a Ae yoke EE Ts occa latol pre: eaarekasy = Bre Sees te ror C4. Aad 2 AP meee Fac Sere OCAG oa Sosa race nee oe 
Method of drive.........-+++ GR Sie OR a ae ae ois ne 8 GASES ih, ain 6 ihe fens Snore no IR ae oo 2e ssi SY—SR........ GJ Sy tee ee OR Ee 
SY—SR Scotch yoke and side rod drive. GJS—SR Geared jack shaft and side rod drive. 
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ApRIL 1932 


Stringing contact wire on Naples line for Italian 
State Railways, using 40-hp. gasoline-engine tower- 
car and small reel-car 


Recent a-c. and d-c. locomotives have been care- 
fully standardized. The two types of d-c. locomo- 
tives and an 80-ton type B+ B branch line freight and 
passenger locomotive are expected to provide for all 
future d-c. system requirements. The same motors, 
contactors, resistances, compressors, gear cases, and 
axle bearings will be used for these three types. 

The privately owned North Milan railway handles 
a heavy suburban traffic to the Lake District, and 75 
track miles over 31 miles of route are electrically op- 
erated using the 3,000-volt d-c. system. Power is 
purchased and converted by rectifiers. Sixteen 720- 
hp. two-car multiple-unit sets and four electric loco- 
tives are in service. Since electrification, local ser- 
vice has been doubled and the running time reduced 
35 per cent. Twin contact wires are supported by 
flexible strand hangers from a copper messenger. 


SWITZERLAND 


Switzerland is a country of particular interest be- 
cause of the early development and present intensive 
application of electric traction. All the through 
routes and most of the important local lines have been 


Midi railroad type B.-Bo, 1,400- 
hp. 86-ton 1,500-volt d-c. elec- 
tric freight locomotive. Similar 
locomotives with different gear 
ratio are used for much of the 
passenger service 
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converted, leaving only secondary lines on which 
electrification is progressing at the rate of about 60 
route miles per year. 

Railway operation is beset by many difficulties; 
there are steep grades, many tunnels, and much single 
track mountain line. Coal must be imported and 
an assured and cheap supply is often difficult to ob- 
tain. In almost all sections of the country, how- 
ever, water power is available in abundance. Elec- 
trification, therefore, has been undertaken for eco- 
nomic reasons, for the increased facility in handling 
heavy through international freight and passenger 
traffic, and also for national security and the further 
utilization of natural resources. There are two im- 
portant standard gage electrified systems—the Fed- 
eral railways and the Bernese Alps railway; also 
many electrified narrow gage adhesion and rack lines. 

A special commission reported in 1914 that the 
electrification of certain Federal system routes was 
desirable economically and the single-phase 16.7- 
cycle 15-kv. a-c. traction system was recommended, 
with single-phase traction-frequency generation and 
transmission by railway owned generating stations 
and high voltage transmission lines. Plans were be- 
ing made for the conversion of the St. Gothard line 
when the World War intervened. In 1923, because 
of the unemployment situation and coal difficulties, 
an accelerated program was adopted with approxi- 
mately a 20 per cent subvention by the government, 
and phenomenal progress was made during the five 
years following. 


Table Vll—ttalian State Railway D-C. Locomotives 


3000 Volt 650 V. 
F&P Pass. F&P 
Axle classification. . Bisby Bee Bisnis PI Or ee ee Lacy 
Group number... i EB 626.7 5008 A049 ES26 0 vcneen E321 
Year built... ...1925-31. qth OS Maeno .. 1923 
Number built....... Jase OO Laake fee 2 ah Leap sme 17 
Max. speed, m.p.h..... hy OO aatees Seah. Sseeare . 62 
Weight, tons toi eg titans et Aa See 5 3 LALO. ee 75 
Hp.—1 nr, rating. 2,400. 2,400... . 1,840 
No. of motors..... aaa Os iden EPA 2 
INO, 01 SPEEG Ss. cso rts a. not Dv wij eaten Oo. er ee 
Method of drive......... Flexible Gear....Flexible Gear... SY-SR 


(SY-SR) Scotch yoke and side rod drive. 
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Table VIll—Swiss Federal Rallwae Electric Locomotives 


Single phase 16.7-Cycle, 15-Kyv. Contact Line 


Pass. 


Pass. Pass. P&F P&F Freight 
Axle classification............+ Dl ate veces ere DY x lity Ah Ai ora 1 heal 1B + 1Bl 1B + Bl 
; é : foam d tu a OR Sr Fi he oe cane aera Cl 
Ry. designation Priam ag Ae 4/7. AGO / GO Ligeia oie te AeiS/GO Line ere Ae 3/5 coca Fath; ener AE Be 4/61 Ce ava I 
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Catenary line and structures on Swiss Federal 
Railways, showing bracket pull-off pole, 16-kv. 
insulation and wire screen highway protection 


Electric locomotive design has been standardized 
so that interchangeable equipment is furnished by 
the three large electrical manufacturers, with another 
firm making all of the mechanical parts. In recent 
years the individual axle drive has been preferred for 
high speed passenger service, 60 per cent of all the 
locomotives being of this type; the side rod drive 
is used mainly for the slower services. One-man loco- 
motives are used extensively in freight and local pas- 
senger services by the use of the ‘“‘dead-man”’ control- 
ler. Two new locomotives of about 7,200 hp. re- 
cently were completed. All transformer tap chang- 
ing is done on the high voltage side to avoid handling 
the large secondary currents with contactors. As 
on some other locomotives, regeneration is provided 
only to the extent of the locomotive weight and is in- 
tended for use to increase the safe speed when oper- 
ating light down mountain grades. 

The other major electrified system comprises 164 
route miles operated by the Bernese Alps railway, 
which is owned by the Canton of Bern. This line 
was the first to use the present Swiss standard trac- 
tion system, installing it for trial in 1910. 


AUSTRIA 


Electric traction was installed on the mountain 
lines of western Austria for reasons similar to those of 
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GJS—SR Geared jackshaft and side rod drive. 


Switzerland and to compete with paralleling inter- 
national routes being electrified in other countries 
with a reduction in running time which would divert 
traffic from the Austrian lines. The same traction 
system (single-phase 16.7-cycle 15-kv.) as used in 
neighboring Germany and Switzerland was adopted, 
and, as in these countries, most of the power is gener- 
ated and transmitted in traction form by railway- 
owned hydroelectric plants and transmission lines. 
The locomotives are side rod drive with jackshaft 
and individual axle drive with geared horizontal and 
bevel-geared vertical motors. Because of the finan- 
cial conditions and the present low price of coal the 
further electrification of some 500 route miles has 
been postponed. 


GERMANY 


The extensive use of electric traction in Germany 
began after the World War. There are four im- 
portant and several smaller electrified sections of the 
German State railways located in widely scattered 
parts of the country. Three of these districts, the 
Bavarian, Silesian and the Central, use the single- 
phase 16.7-cycle, 15-kv. a-c. system adopted as the 
standard for trunk lines, and the Berlin district an 
800-volt d-c. third-rail system for a rapid-transit 
suburban service. Single-phase, 15-cycle, 15-kv. 
power is used on a 30-route-mile electrification at 
Basle and 25-cycle, 6-kv. power on the 23-mile Ham- 
burg installation. 

In the Bavarian district through freight and pas- 
senger trains and heavy suburban traffic from 
Munich are handled electrically over a total of about 
1,000 track miles on 434 miles of route, which gradu- 
ally is being extended. Most of the power is pur- 
chased, using special traction-system generators and 
transmission lines. A total of 190 passenger, freight, 
and switching locomotives and 37 motor-car sets are 
assigned to this section. Most of the freight and 
some of the passenger locomotives are the side rod 
drive type with geared jackshaft,; high-speed pas- 
senger locomotives are type 2D1 or 1D1 individual 
axle drive. Multiple-unit car trains consist of one 
or two units, each consisting of a two-motored 750- 
hp. steel car and three trailers. Both the air-cooled 
transformer and the oil circuit breaker are in a special 
compartment. The locomotives and motor cars 
have ‘“‘dead-man” control for one-man operation. 

The mountain road electrification between Breslau 
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New St. Gothard line 7,200-hp.-1B.1 Bo1 ++ 1B.1B.1 locomotive for Swiss Federal Railways, prior to 


installing electrical equipment 


and Gorlitz in the Silesian district includes about 
217 route miles and 507 track miles. Power is 
generated by the railway at traction frequency, 
utilizing a very low grade of coal. The Central dis- 
trict (Leipzig-Halle-Magdeburg) has a heavy traffic 
which is handled at high speeds over fairly level 
country, using locomotives and motor cars on about 
118 electrified route miles and 409 track miles. 
Power is generated in traction form, using a peat that 
cannot be burned in locomotive boilers. 

The Berlin suburban lines were electrified in 1924 
to furnish a rapid transit service on 145 miles of route 
(365 miles of track) using multiple-unit car equip- 
ment. Purchased power is converted by syn- 
chronous converters and rectifiers; the rectifier in- 
stallation is the largest in the world for a single sys- 
tem. Contrary to common practise the anode and 
rectifier tank are at ground potential and the third 
rail is negative. 

A meter gage, 12-mile 1,650-volt, d-c. railway, the 
Zugspitze, was recently completed to the highest 
mountain peak in Germany, using an adhesion, rack 
and aerial line. Glass-tube rectifiers convert three- 
phase 50-cycle power for traction purposes. 

German locomotive design and construction also 
are standardized. Air blast transformers are used 
and now the electrical manufacturers are perfecting 
an air blast circuit breaker so that no oil will be re- 
quired on the locomotive or motor car. 


SWEDEN 


Sweden is rich in water power resources, but en- 
tirely lacking in coal deposits, hence careful con- 
sideration has been given to the advantages of elec- 
tric traction. The State railway system, operating 
most of the trunk lines and about 40 per cent of the 
total mileage, now has more than 14 per cent of the 
route mileage and 25 per cent of the traffic electrically 
operated. A very extensive program of electrifica- 
tion extension is under way and scheduled for com- 
pletion in 1934. 

One of the first electric installations (1912- 
1922) is the Northern Ore line. This 287-mile 
line, which goes 170 miles north of the Arctic Circle 
and is therefore the most northerly electrified rail- 
road in the world, handles heavy ore traffic from 
the iron mines at Gellivare and Kiruna east to Lulea 
on the Gulf of Bothnia and west to Narvik in Norway 
on the Atlantic Ocean. ‘The 15-cycle 15-kv. single- 
phase a-c. traction system, with high voltage single- 
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Four-car multiple unit suburban train at Munich. 
There is one motor car with three trailers 


phase transmission to track-side substations from a 
central mixed-frequency hydroelectric plant, was 
adopted. 

After the war electrical operation was considered 
for the Stockholm to Gothenburg trunk line and the 
government again studied the matter of a traction 
system, concluding that the single-phase 16.7-cycle, 
16-kv. a-c. system would be satisfactory. Careful 
study of the location of a negative return wire on the 
catenary structure and the use of booster trans- 
formers for minimum communication circuit inter- 
ference satisfied the government communications 
board, which cabled their circuits or removed them 
from the railroad right-of-way. Traction power was 
obtained from the existing commercial power stations 
and transmission networks by installing frequency- 
converter substations about 58 miles apart without 
paralleling traction-frequency feeder or transmission 
lines. 

A geared jackshaft side rod drive type 1C1 loco- 
motive, identical for both freight and passenger ser- 
vices except in gear ratio, was adopted as standard. 
These locomotives handle a 550-ton passenger train 
or 990-ton freight train over the profile of 1 per cent 
maximum gradients. Sweden is now the only im- 
portant country that has not at least partially 
adopted the individual axle drive, and is the only 
country extensively using a wooden locomotive 
cab. 

In 1931 electrification of the 392-mile trunk line 
south from Stockholm to the ferry terminals at 
Malmo and Tralleborg, and three branches totaling 
177 miles which connect this line with the Gothen- 
burg electrification, was authorized at an estimated 
gross cost of about $17,000,000. Complete elec- 
trical operation is to be started in 1934. Com- 
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mercial power will be purchased from existing power 
systems without the construction of additional high 
tension lines, and six motor-generator frequency-con- 
verter substations having an average spacing of 70 
miles will supply power to the contact line. As the 
branch lines do not require additional substations 
there is an average of 90 route miles per substation. 
Seventy-five standard freight and passenger locomo- 
tives, 21 switching and 8 battery-trolley locomotives 
have been ordered and are now under construction 
for this electrification. 

A comparison of estimated operating costs shows a 
very favorable annual saving above all fixed charges 
with electric operation. The eventual electrifica- 
tion of about 600 route miles of other trunk lines is 
contemplated, which will then complete the electri- 
fication of the government system’s main routes. 

At Sundsvall a privately owned railway is com- 
pleting a 12-mile electrification using the 1,500- 
volt d-c. system and 8 motor-car and trailer sets. 
Many of the smaller privately owned short railways 
throughout the country have adopted with great 
success diesel-electric cars on branch lines of light 
traffic. 


DENMARK 


The Danish state railways have under considera- 
tion the electrification of the heavier traffic suburban 
lines in the vicinity of Copenhagen, to increase the 


(Above) New Swedish type Ub 
switching locomotive equipped 
with four control positions in a 
high center cab 


(Right) Unique type of motor- 
generator freight locomotive con- 
structed in 1930 for Austrian State 
Railways. It operates on a single- 
phase 16?/s-cycle 15-kv. contact 
line and is equipped for full train 
weight regeneration 
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capacity of the present congested trackage through 
that city, and to effect economies in operation. 
Electrical operation of about 23 miles of route using 
multiple-unit equipment is contemplated, and a 
d-c. overhead contact system at 1,500 or 3,000 volts 
was studied. 

Gasoline-engine passenger cars, some direct drive 
and others electric drive, and diesel-electric loco- 
motives are used extensively on branch lines and on 
the main routes. Two type 2D2 900-hp. diesel- 
electric locomotives were recently delivered to the 
railway; these locomotives are designed to handle a 
275-ton train at 46 miles per hr. and have an operat- 
ing range of 370 miles, thereby enabling the longest 
round trip to be made without refueling. 


THE NETHERLANDS 


Approximately three-quarters of the country’s 
railway mileage is operated by the Netherlands rail- 
way, which has about 7 per cent of its route now 
under electrical operation for passenger service, 
using multiple-unit cars. In May 1931, the lines 
from Amsterdam to Uitgeest and Alkmaar, and 
Velsen to Uitgeest were converted to electrical oper- 
ation, in addition to the Amsterdam-The Hague- 
Rotterdam line and branches which have been elec- 
trically operated since 1927. Purchased power is 
used entirely, and converted to 1,500-volts direct 
current by automatic rectifier substations which are 
supervisory controlled from adjacent interlocking 
towers. The one motor-generator substation is 
manually operated. On the earlier installation multi- 
unit substations were spaced 6.9 to 10.2 miles apart 
with intermediate sectionalizing tie stations. The 
recent installation consists of single-unit substations 
spaced about 4 miles apart. The contact system is of 
the twin contact wire type, and is unique for the sus- 
pension of both contact wires from the same hanger. 

Rolling stock of the most modern type is used, and 
eight different 760-hp. motor or trailer cars of various 
passenger classes are combined as desired to make up 
trains of from 2 to 10 cars. The latest motor cars 
have roller-axle and motor armature bearings. As 
the railway faces severe competition from motor buses, 
other heavy traffic passenger lines, as from Amster- 
dam to Utrecht, probably will be electrified. The 


electrical operation of freight and through interna- 
tional passenger trains is not planned at present. 


GREAT BRITAIN 


The three outstanding recent electric traction de- 
velopments are: 
1. The Ministry of Transport report on main line railway electrifica- 
tion (1931) commonly referred to as the “Weir Report.” 


2. Extension of the Southern Railway’s third-rail electrification to 
Brighton on the Channel coast. 


3. Inauguration of electric service between Manchester and Altrin- 
cham using 1,500-volt d-c. multiple-unit equipment. 


With the exception of the Newport-Shildon 1,500- 
volt d-c. line all of the electrification is suburban and 
much of the mileage is in the London district; other 
installations are located at Manchester, Liverpool, 
Lancaster, Newcastle-on-Tyne, and Newport. Dur- 
ing the past decade, with the formation of the na- 
tional grid system for electric power transmission and 
distribution, the government has viewed with increas- 
ing interest the possibility of using electric traction on 
the railroads and various committees have reported 
on this subject. The Pringle (1927) report definitely 
recommended the use of direct-current, either 750- 
volt third-rail or 1,500-volt overhead, with the pos- 
sibility of considering 3,000 volts for special condi- 
tions. The Weir report (March 1931) recommended 
that if the railroads are to be electrified practically all 
of the lines must be converted to avoid the uneconomi- 
cal conditions incidental to dual steam and electric 
operation. ‘This stupendous project, covering almost 
20,000 route miles, would be spread over a period of 
20 years, the total gross expenditure being estimated 
at $1,964,000,000. 

The Southern Railway’s London suburban electri- 
fication, the largest of its kind in the world, has 300 
route and 800 track miles electrically operated. 
With the completion of the Brighton electrification at 
the end of 1932 the electric system will include 965 
track miles on 350 miles of route; this is about 18 per 
cent of the company’s mileage. The 650-volt d-c. 
third-rail distribution system is supplied by 52 syn- 
chronous converter substations converting from 25 
cycles. Eighteen supervisory-controlled single-unit 
rectifier substations are to supply power for the 
Brighton extension from the 50-cycle national grid 
sytem. Multiple-unit equipment is used entirely, in 
trains of from 2 to9 cars. The standard motor unit 
consists of two 550-hp. motor cars and an intermedi- 
ate trailer; a few two-car motor units were purchased 
recently. Two-car trailer units are used between 
motor units. All control apparatus including resis- 
tance grids is placed in a compartment of the motor 
car. There area total of 1,948 cars of which 832 are 
motorized; most of these have been converted from 
former steam equipment. 

The Manchester, South Junction, and Altrincham 
railway is the first electrification to follow the 1927 
cominittee’s recommendation of 1,500-volt direct cur- 
rent. Electric service with multiple-unit equipment 
was inaugurated in May 1931. ‘The line is 8.7 miles 
long (28 track miles) and was electrified to meet bus 
competition more effectively. Purchased power is 
converted by synchronous converters and a rectifier. 
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The catenary contact system consists of a copper mes- 
senger, stranded auxiliary, and a 318,000 cir. mil con- 
tact wire, totaling 1,000,000 cir. mils in conductivity. 
Three-car units consisting of a motor car, trailer, and 
control trailer are used; trains may be made up of 1, 
2, or 3 such units. Motorcars, weighing 63 tons, have 
four 330-hp. motors and a maximum safe speed of 70 
miles per hr.; trailer cars weigh 35 tons. 

European railways are apparently well satisfied 
that the operating economies, increased speed, clean- 
liness, increased track capacity, and use of natural re- 
sources such as water power or low grades of coal, are 
advantages that justify further extension of railway 
electrification even during a severe economic crisis. 
The execution of such projects during times of depres- 
sion has been of material assistance in alleviating un- 
employment in several of the countries. Perhaps 
America could profitably follow such an example. 


Impulse Testing « 
Large Transformers 


Impulse voltage tests provide valuable 
information concerning a_ transformer's 
ability to withstand high voltage surges in 
service. By making such tests with the 
transformers excited, power current will 
flow into any faults which occur, thus 
providing unmistakable evidence regarding 
the nature and location of such faults. 


By 
F. D. NEWBURY Westinghouse Elec. &”Mfg. 
FELLOW A.I.E.E. Co., East Pittsburgh, Pa. 


standard dielectric tests 


at low frequency no longer are considered to give a 


satisfactory measure of the real strength of trans- 
former insulation. This fact was emphasized during 
the recent A.I.E.E. winter convention, at which the 
question of impulse testing of large power trans- 
formers received considerable attention. In general, 
engineers who discussed the question at that time 
agree that impulse tests would afford valuable infor- 
mation concerning the ability of transformers to 
withstand surges encountered in service, and that 
steps should be taken to establish a standard test pro- 
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Fig. 1. Transformer bushing flashovers (left) with 
superposed surge and normal-frequency voltages; 
(right) with surge voltage only applied 


cedure for impulse testing. It was suggested further 
that the A.I.E.E. electrical machinery committee 
might undertake this task. 

Development of a suitable method of impulse test- 
ing for transformers involves several problems if such 
methods can be considered safe and reliable measures 
of insulation strength. One of the principal difficulties 
encountered is the detection of insulation failures when 


they occur, and some question exists as to whether: 


a method less thorough than complete disassembly of 
the transformer insulation is adequate for this pur- 
pose. The problem of detecting insulation failure is 
solved, however, by the simultaneous application of 
surge voltage and normal frequency exciting voltage, 
so that failure is accompanied by the flow of power 
current. 

When an insulation failure occurs during a normal- 
frequency dielectric test, the fact that failure has oc- 
curred is demonstrated by the obvious effects of the 
power current that flows into the fault. In the surge 
test as ordinarily made, the energy discharged by the 
surge generator may be insufficient to produce un- 
questionable physical effects, if the failure occurs 
within the transformer winding. If on the other 
hand the surge be applied with the transformer ex- 
cited, as in normal service, an insulation failure 
caused by the surge voltage would be followed by 
power current; the fact of such failure would be as 
patent and as unmistakable as in the case of a failure 
in service, or of a failure during a normal-frequency 
dielectric test. (See Fig. 1.) 

Simultaneous application of surge and power 
voltages has been recognized generally as the satis- 
factory solution of this problem, and this combina- 
tion test was carried out successfully on distribution 
transformers two yearsago. Inapplying the method 
to high voltage transformers, however, additional 
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difficulties are encountered in obtaining a simple and 
practical method of preventing the transformer volt- 
age from injuring the surge testing equipment. This 
latter problem has been solved by F. J. Vogel of the 
Westinghouse company by an ingenious application 
of the Torok tube, an arc rupturing device operating 
on the deion principle. 

In Fig. 2 is shown a circuit developed for testing 
high voltage transformers by the method just out- 
lined and employing a deion gap as mentioned. In 
this diagram, the surge generator is tripped by gaps 
3 and 4, and these in turn by the voltage from the 
condenser C;. If a positive surge is required from 
the generator, a negative voltage is required from 
C,. Gap 3 is set so that the voltage of Ci is not quite 
sufficient to cause breakdown; gap 4 is set at a lower 
voltage than gap 3. A small negative voltage from 
the tripping condenser trips gaps 3 and 4 in succes- 
sion, gaps / and 2 insuring the synchronizing of the 
surge with the 60-cycle voltage. Voltage at gap / isa 
maximum when voltage from the tripping trans- 
former is at maximum positive polarity at the crest 
of the wave. Gap 2 is set high enough only to with- 
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Fig. 2. Equipment for testing transformers with 
surges applied at crest of exciting voltage wave 
Application of this method to high voltage transformers was 


made possible by use of the deion gap to protect the surge 
generator from the transformer voltage 


Fig. 3. Oscillogram 
of transformer bushing 
flashover showing ap- 
plication of surge and 
beginning of short- 
circuit current at crest 
of exciting voltage wave 


SHORT-CIRCUIT 
CURRENT 


60-CYCLE EXCITING 
VOLTAGE 


Fig. 4. Addition of deion 
gap to circuit does not 
affect surge voltage; (left) 
surge voltage wave with 
gap; (right) without gap. 
For this test, oscillograph was 


connected between surge gen- 
erator and deion gap 
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stand the 60-cycle voltage. If gap 1 is set so that it 
will just break down when the 60-cycle voltage is 
applied, the crest of the wave will be picked off 
automatically. 

Operation of the circuit described is illustrated by 
Fig. 3, which shows an oscillogram taken during a 
bushing flashover on a 138-kv. transformer. Appli- 
cation of the surge and the start of the short circuit 
are indicated clearly. Timing of the surge is ar- 
ranged so that it is imposed at the crest of the 60- 
cycle voltage wave. Experience has shown that with 
the surge and power voltages synchronized in this 
manner, power current will follow in every case in 
which the transformer insulation fails to withstand 
the surge voltage. It should be noted further that 
the use of the deion gap as shown in Fig. 2 does not 


Design Features 
of Potentiometers 


Fully nine-tenths of all potentiometers 
now being built are said to find their way 
into industrial plants. Low-resistance in- 
struments are shown to possess many ad- 
vantages over those with high resistance. 


By 
I. MELVILLE STEIN 


MEMBER A.1.E.E. 


Leeds & Northrup Co., 
Philadelphia, Pa. 


Pee ‘““compensation’”’ 
circuit, from which all potentiometer circuits have 
been developed, was brought out about the middle of 
the nineteenth century. This original circuit was 
devised for measuring the open circuit emf. of 
primary cells; in all precise potentiometers of today, 
the open circuit voltage of a primary cell is used for 
standardizing the potentiometer current. As prac- 
tically all of the primary cells used with poten- 
tiometers develop an open circuit e.m.f. a little in ex- 
cess of 1 volt, most potentiometers have been de- 
signed to have ranges of approximately 1.5 or 2.0 
volts. An important exception arises in the case of 
potentiometers designed for precise measurements 
of temperature with thermocouples. Such instru- 
ments usually are designed to have a range of 
approximately 0.1 or 0.01 volt. 


Based upon “Design of Potentiometers’’ (No. 31-118) presented at the 
A.I.E.E. summer convention, Asheville, N. C., June 22-26, 1931. 
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affect the surge voltage. This is demonstrated by 
Fig. 4, which shows oscillograms of surge voltage 
during bushing flashovers with and without such a 
gap in the circuit. It may be noted that the voltage 
and time-lag of the flashovers are practically the same 
in both cases. 

This development is particularly timely consider- 
ing the discussion on the subject at the recent 
A.I.E.E. winter convention mentioned in the begin- 
ning of this article. Availability of this test proce- 
dure opens up the possibility of an entirely new basis 
for establishing the sufficiency of transformer insula- 
tion. Furthermore, it brings within the range of 
practical discussion the project of standardizing the 
test procedure, test wave, and voltage values for 
surge testing. 


Potentiometers have been designed with a range 
as high as 15 or 16 volts, but usually such a high 
range is not required. It is preferable not to 
connect high voltage directly to the potentiometer, 
but to extend the range of a 1.5- or 2-volt poten- 
tiometer to any desired value by means of a voltage 
divider, commonly known as a “volt-box.” It is 
usual practise to equip potentiometers with range- 
changing devices, so that two or three ranges are 
available in one instrument. 


POTENTIOMETER RESISTANCE 


No direct relationship exists between the potenti- 
ometer range and its resistance. It is true that all 
low range potentiometers for use with thermo- 
couples are designed to have low resistance, as a high 
resistance in the potentiometer circuit would inter- 
fere with obtaining the desired sensitivity; but it 
does not follow that a high range instrument should 
have a high resistance. While a high resistance may 
be used in a high range potentiometer, a low- 
resistance potentiometer is preferable for the follow- 
ing reasons: 


1. Inherently, a low-resistance potentiometer makes possible a 
higher sensitivity than can be obtained with a high-resistance 
instrument. 

2. Errors due to current leakage between the potentiometer parts 
are much smaller in a low-resistance instrument. 


3. Low-resistance coils are more stable than high-resistance coils. 


4. Proper galvanometer damping is easy to obtain with a low- 
resistance potentiometer and difficult to obtain with a high-resistance 
instrument. 


5. Ina low-resistance potentiometer at least one-tenth of the range 
may be covered with a slide wire; this results in a simple and inex- 
pensive construction. 


6. For the same sensitivity, a low-resistance potentiometer permits 
using a higher resistance in the volt-box. 

Distinct advantages result from the use of low 
resistance even in a high range potentiometer where 
the high-resistance instrument is not barred out 
definitely because of lack of sensitivity. For in- 
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stance in measuring current by measuring the 
potential drop across a current shunt, if shunts of 
equal energy dissipating capacity are used, the low- 
resistance potentiometer permits the use of a more 
simple and rugged form of galvanometer; if galva- 
nometers of the same sensitivity are used, then the 
energy dissipating capacity, and consequently the 
size and cost of the current shunt, may be reduced 
when working with the low-resistance potenti- 
ometer. . 

Lower operating current represents the only 
advantage which may be claimed for the high- 
resistance potentiometer; this advantage, however, 
can be shown to be more apparent than real. In the 
days when a 50- or 60- ampere-hour storage cell was 
a fairly expensive item and when it was necessary to 
reset all of the potentiometer dials in order to check 
the potentiometer current against the standard cell, 
a potentiometer requiring much less current than 
0.01 or 0.02 ampere probably had a real advantage. 
Now that fairly large storage cells are available at 
small cost and potentiometers are designed so that 
the current may be checked instantly without re- 
setting the dials, an instrument requiring as much 
as 0.01 or 0.02 ampere is at no disadvantage, but 
on the contrary is at an advantage because with the 
higher current any small leakage currents produce 
much smaller errors. In Fig. 1 is shown the ex- 
tremely small drift in current for a typical poten- 
tiometer requiring 0.02 ampere supplied from a storage 
cell of 60-ampere-hour capacity. 

Reference already has been made to the pos- 
sibility of using ‘a slide wire for the lower part of the 
range of a low-resistance potentiometer. As a 
matter of fact, however, it is not at all essential and 
almost all of the low-resistance potentiometers 
designed for making precise temperature measure- 
ments with thermocouples are equipped with dial 
switches throughout. 

A low-range, low-resistance, dial-type potentiom- 
eter recently proposed is shown schematically in 
Fig. 2. This instrument has a low total resistance 
(less than 15 ohms and substantially constant) and 
the circuit arrangement is such that errors due to 
resistance variation and parasitic em-f.’s at the 
switch contacts are reduced to less than one step on 
the fifth dial. 

While the instrument shown in Fig. 2 has six 
dials, not more than five are intended to be used at 
one time, as the use of all six would assume a higher 
accuracy in the standard cell and in the resistance 
adjustments than is obtainable in ordinary practise. 
The sixth dial is included as the equivalent of a 
range-changing device, that is, when using dials I to 
V inclusive, the range is approximately 0.1 volt; 
when using dials II to VI inclusive, it is about 0.01 
volt. 


DEFLECTION POTENTIOMETERS 


In the deflection potentiometer, the principal 
part of the potential being measured is balanced 
against a known potential just as is done in an 
ordinary null potentiometer; the remaining small 
portion of the unknown potential is read from the 


APRIL 1932 


deflection of a calibrated galvanometer. The funda- 
mental requirement in the design of a deflection 
potentiometer is that, for all connections and 
adjustments of the instrument, there must be no 
appreciable change in the galvanometer circuit 
resistance. 

Aside from its use in photometric measurements, 
the most important application of the deflection 
potentiometer is in checking large numbers of 
portable indicating instruments. In discussing this 
latter problem, Dr. H. B. Brooks, of the United 
States Bureau of Standards, points out that null 
potentiometers are the most accurate for the pur- 
pose, but require too much time to use. Doctor 
Brooks further shows that long scale laboratory 
standard deflecting instruments, while faster in 
operation, are not sufficiently accurate for the pur- 
pose. He concludes that ‘‘the need unquestionably 
exists for a type of instrument for current and voltage 
measurements which will have properties inter- 
mediate between those of the ordinary deflection 
instrument and the elaborate potentiometer.” 

It is interesting to note that although the de- 
flection potentiometer does provide an instrument 
intermediate in accuracy between the null poten- 
tiometer and the laboratory standard deflection in- 
struments, it is not intermediate in speed of opera- 
tion. It is faster than either of the other two. 
In the deflection potentiometer, the galvanometer 
pointer is short and light and this results in a short 
period. Furthermore, it is unnecessary to take the 
time to estimate tenths of a division. Because the 
position of the pointer does not change very much 
and need not be observed more closely than to one 
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Fig. 1. Current drift for a typical 100-ohm poten- 
tiometer supplied from a lead. storage cell 
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Fig. 2. Schematic diagram of a recently proposed 
low-resistance potentiometer with two ranges (0.1 
and 0.01 volt, respectively) and five dials 


This instrument is especially adapted for thermocouple mea- 

surements. Upper and lower circuits are connected so as 

to utilize the difference of the two potentials, thus avoiding 

the necessity of reducing both potentials to zero to obtain 
a zero reading on the potentiometer 


division, it is unnecessary for the operator to change 
his position frequently in order to remain in line with 
the pointer. This latter precaution is essential in 
reading laboratory standard deflection instruments 
to avoid parallax errors. 

In conclusion it may be of interest to point out 
that the use of potentiometers in industrial plants 
has increased remarkably in recent years. A fair 


Tie Line 
Load Control 


Regulation of tie lines interconnecting two 
electric power systems is a problem of load 
control rather than one involving principally 
system frequency; for best results, the 
control equipment must be automatic. 
Apparatus developed to meet this need is 
described in this article, and the results 
from two years’ operating experience are 
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Pe or interconnected opera- 
tion of several power systems has brought to the fore 
a new and most important problem; namely, that of 
controlling the interchange of power between the 
several systems. This problem first came into promi- 
nence under the name of frequency control and 
many engineers attacked it from that point of view. 
As a matter of fact the problem is one of load control 
instead, and as yet little has been done toward its 
solution. The division of power in a loop under the 
control of phase shifting equipment is a related prob- 
lem, but should not be confused with the control of 
total interchange by the prime mover governors. 
Attempts to regulate two or more interconnected 
systems with an automatic frequency regulator on 
each system promptly will develop the fact that the 
load variations on the systems will be so dissimilar 


Based upon ‘‘Tie-Line Control of Interconnected Networks’’ (No. 31-127) pre- 
sented at the A.I.E.E. Pacific Coast convention, Lake Tahoe, Calif., August 
25-28, 1931. 
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estimate indicates that nine-tenths of the poten- 
tiometers put into use each year go into industrial 
plant applications and only one-tenth into laboratory 
service. This is not due to any falling off in the 
laboratory uses of potentiometers, but rather to the 
rapid increase in industrial plant uses of the instru- 
ment, in the form of portable indicating poten- 
tiometers and automatic recorders and controllers. 


that power flow over the tie lines cannot be regulated 
in this manner. In fact it has been observed in some 
cases that when the bulk of the load change falls upon 
one system, the power flow over the tie line exceeds 
the load change by the amount required to acceler- 
ate or retard the systems. 

Recognizing the problem as one of load rather than 
frequency control, the Duquesne Light Company 
several years ago enlisted the cooperation of several 
equipment manufacturers in a series of load control 
experiments. The tests were made on the 36,000- 
kva. 132-kv. tie between the Colfax station of the 
Duquesne Company, and the Springdale station of 
the West Penn Power Company. Asa result of this 
and continued investigation, automatic load control 
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Fig. 1. Westinghouse 
solenoidtypeautomatic 
load regulator for in- 
terconnecting tie lines 


With weight F immediately above the fulcrum, arm E is 
balanced and requires zero watts in coils C and D to main- 
tain balance. Any power flow through the coils will cause 
the arm to raise or lower depending upon the direction of 
flow. For small changes in load contact J engages either 
the ‘‘raise’’ or ‘lower’ stationary contacts R or L. These 
contacts send an impulse to the governor motor through time 
delay relays approximately 2'/2 sec. after the contacts have 
closed. If the period of contact engagementis less than 2'/» 
sec. no correction results. A second set of time delay relays 
is provided to limit the length of impulse delivered to the 
governors to. a predetermined value. To take care of large 
load changes, a second set of contacts K is provided to 
operate the speed changer motor directly through auxiliary 
relays without time delay. Contacts K are set to close for 
approximately 10,000 kw. change in load, but hunting of 
the regulator in this zone is prevented by the opening of these 
contacts at 5,000 kw. Below this value the auxiliary con- 
tacts J to return the line load gradua!ly to normal. 
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over the tie line and automatic control of the genera- 
tor output in accordance with a predetermined pro- 
gram, both being supervised by or subservient to 
automatic frequency control, have been in successful 
operation at the Colfax station for some time. 
While many improvements no doubt are yet to be 
made, operation of existing equipment exceeds ex- 
pectations extant at the time the investigational 
work was started some two years ago. 

The maximum economy possible as a result of 
interconnection will not be obtained unless the most 
efficient loadings of the several generating units on 
the interconnected system are adhered to closely. 
This loading must be anticipated and must take ac- 
count not only of the inherent efficiency of the 
generating station and units, but numerous other 
factors. Since maximum economy cannot be ob- 
tained with manual control, for the most advan- 
tageous operation the control must be automatic. 


Fig. 2. Westinghouse Kelvin-balance type auto- 
matic tie-line load regulator 


A calibrated spring F attached to a geared disk allows the 
torque due to the power in the Kelvin balance to be neutral- 
ized by rotating the disk G to the right or left; a balance thus 
can be made at any load within the limits of the spring F. 
Variations in load cause the balance to deflect contact 
which in turn makes contact with the motor-driven rotating 
cams J thereby routing “‘raise”’ and “‘lower’’ impulses to the 
governor motor. As the unbalance decreases the period of 
contact engagement with the cams decreases and the dura- 
tion of impulses to the governor motor also decreases thus 
providing an anti-hunting feature. Disk G can be rotated by 
a position transmitter, or a D’Arsonval element may be attached 
to the lever E to counteract the torque in the balance, making 
the device readily adapted to remote control 


Such control must be simple, reliable, accurate, and 
easy to set for any desired division of load between 
generating units. 

Performance of a tie line connecting two large 
power systems involves the rate of load change, and 
the inertia and sensitivity of the prime mover gov- 
ernors, as well as the electrical characteristics of 
the line. A load change on one system causes a 
redistribution of the load between the various prime 
movers, and also a transient distribution which 
occurs during the period of adjustment to the new 
load. ‘This transient condition is not noticeable in a 
closely tied system such as the average metropolitan 
utility. However, if there is only one tie line con- 
necting two systems, these load transients are con- 
centrated and assume considerable importance. The 
chief requirements of a successful tie-line load regu- 
lator therefore are that it must not respond to these 
small transient load changes, but it must respond to 


APRIL 1932 


LOAD REGULATOR 


DIRECTIONS OF 
™ POWER an 


| 
! 
‘ 
1 
{ 
| 
1 


0¢. 
1 
RAISE F_LoweR MOTOR 
1 
1 


TO THE GOVERNOR 
MOTORS 


So 
=< 


HECK Fig. 3. Leeds and Northrup 
‘SWITCH : Zs 
| potentiometer type automatic 


tie-line load regulator 


os inc ane Sa me ne elle a ee oer 


The load setter is a potentiometer with a calibrated dial, and 
is adjusted to give a potential equal to the thermocouple 
potential of the thermal converter for a given tie-line load. 
These two potentials are connected in opposition through a 
sensitive galvanometer. This galvanometer deflects in pro- 
portion to the difference in potential between the load 
setter and the thermocouples of the thermal converter. Any 
unbalance indicated by the galvanometer is checked by the 
rotating cam mechanism F, which delivers corrective impulses 
to the turbine governor in proportion to the load errors. 


small sustained changes. However, when large load 
changes occur the regulator must respond whether 
such fluctuations are temporary or sustained. 


TrE-LINE Loap REGULATORS 


Three types of tie-line load regulators are shown in 
Figs. 1 to3. The first type (Fig. 1) was devised pri- 
marily to eliminate corrective action due to transient 
changes, but to respond rapidly to load changes of 
reasonable magnitude. It consists essentially of two 
solenoids connected to two phases of the tie line, and 
arranged to assist each other in balancing an arm 
which carries two sets of control contacts on its outer 
end. ‘Time delay relays prevent the regulator from 
responding to small transient changes. This device 
has shown considerable promise, in that it does not 
cause corrections to be made which must be counter- 
acted immediately by those of a reverse order. 

A large change of turbine loading to counteract 
load in a tie line results in considerable energy being 
supplied to the system to accelerate it while changing 
the phase angle relation across the tie line. It 
can be seen that after the phase angle is changed this 
energy still is available to supply load, which results 
in an overshooting of the proper value. It is 
essential that any regulator responding at a rapid 
rate must have a wide zone about the final position in 
which the load corrections are made in small incre- 
ments. 

This first regulator is not well adapted to remote 
control, and for applications involving this feature, 
another design utilizing the Kelvin balance (Fig. 2) 
has been developed. No time delay relays are used 
with this device; it will cause more corrective im- 
pulses to be delivered to the governor motors than 
the device first described, although it is somewhat 
slower in correcting large errors due to rapid changes 
of load. Under average conditions, however, it will 
maintain a closer integrated load. 
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Fig. 4. Automatic program load controller for use 
with tie-line load regulators 
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control. Broken line shows average of load swings 


The solution of the problem of tie-line control 
offered by the Leeds and Northrup Company con- 
sists essentially of a master element comprising a 
thermal converter and a load setter as shown in Fig. 
3. The thermal converter is similar to the Lincoln 
thermal demand meter except that instead of using a 
bi-metal strip to indicate the kilowatt load, thermo- 
couples are inserted which produce a potential for 
transmission to suitable receiving apparatus. This 
device tends to change the turbine loads until the tie- 
line load flowing through the thermal converter sets 
up a potential equal to that of the load setter. This 
control gives very satisfactory operation. 


PROGRAM LOAD CONTROL 


In the past where frequency control has been 
adopted, common practise has been to confine the 
regulating to one station and usually to one generat- 
ing unit. When the regulating device controlled 
more than one unit, the division of load between 
units sometimes was found to be erratic; therefore load 
balancing schemes were devised to enable the various 
units to carry their proper share of load increments. 

These devices are relatively simple and perform 
satisfactorily, but the principle of dividing all load 
increments proportionately between units in a steam 
station does not necessarily make for maximum effi- 
ciency. Most operators have considered the output 
of the machine and have not taken into account the 
inefficiency due to operating with steam control 
valves in a throttling position. In the equipment 
developed to meet the requirements established by 
the Duquesne company operators, load scheduling is 
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based upon turbine valve positions rather than upon 


generator output. Thus each turbine is maintained at 
its most efficient valve opening regardless of the effect 
of the many variables entering into the position of 
the valve with reference to the load. 

In Fig. 4 may be seen a schematic diagram of 
equipment used to obtain automatic division of load 
in accordance with the predetermined program load- 
ing at the Colfax station. Six generating units are 
installed in this station, two of them of 60,000-kw. 
capacity each; two of 41,250 kw. each; and two of 
30,000 kw. each. On the larger steam turbines the 
nozzles are arranged usually in three groups, each 
fed from the primary, secondary, and tertiary valves, 
respectively. These valves are equipped with aux- 
iliary switches to establish the proper sequence of 
loading. Referring to Fig. 4, the motor-operated 
selector switch routes the “‘raise’’ or “lower” im- 
pulses from the tie-line load regulator through the 
load scheduling device to the turbine governors. 
In order to simplify the description and diagram as 
much as possible only two machines have been 
shown, each with one primary and one secondary 
valve. 

Six loading schedules are shown in the table (Fig. 
4); to set up any one of these schedules, a system of 
receptacles and plugs is used, four machine recep- 
tacles and four sequence receptacles being required 
for the case illustrated. The selector switch has 
four independent contact arms, two of which are used 
for routing the ‘‘raise’’ or “‘lower’’ impulses and two 
for controlling the selector switch driving motor. 
The position of the selector switch is determined by 
the position of the valve auxiliary switches and also 
by the way in which the machine and sequence 
receptacles are connected by jumpers. For example 
consider that machine No. 1 primary receptacle is 
connected to sequence receptacle No. 1, No. 1 
secondary to sequence 2, No. 2 primary to sequence 
3, and No. 2 secondary to sequence 4 receptacles. 
The operation then would be as follows with both ma- 
chines carrying minimum load and the selector 
switch in position 1: on increasing the load, an im- 
pulse from the regulator is routed through to No. 1 
governor motor. 

After the load has increased to the point where the 
primary valve is wide open, the auxiliary switch on 
this valve makes contact energizing the forward con- 
trol of the selector switch driving motor on the next 
raising impulse. The selector switch rotates in the 
forward direction until cut. off by the forward con- 
tact breaking the circuit with the first contact. The 
width of the forward and backward contacts are such 
that the motor will drift to the next position after 
the control circuit is broken. The switch now is in 
position 2 and the raising or lowering impulses are 
still routed to No. 1 governor motor. In the same 
manner, the selector switch transfers to the next 
position after the secondary valve on machine No. 1 
opens fully. With decreasing load the selector 
switch returns, the motor being energized through the 
“backward’’ selector switch arm and the valve 
switch contacts which are closed when the valves are 
closed. The forward and backward auxiliary relays 
seal in so that the selector switch travels at least one 
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position and also breaks the control circuit from 
the regulator so that control is broken during the 
transfer. 


OPERATING EXPERIENCES 


The instantaneous speed of any system is a func- 
tion of the system load and of the setting of the tur- 
bine governors; hence, with any given setting the 
speed of the system will vary as the load changes. If 
two systems are interconnected through one or more 
lines, the speed of the entire interconnection be- 
comes a function of all the governors and of the 
total load; the generator load does not bear a direct 
relation to the demand on that particular system, 
but since it is a function of system speed, the excess 
demand must be supplied through the interconnect- 
ing tie lines. 

If the two systems under control are of the same 
size and have approximately the same load char- 
acteristics, it is possible for them to remain in parallel 
for reasonable periods of time when operating on 
straight speed-governor control without overloading 
the tie lines. In such interconnections, it is custom- 
ary for the system controlling the tie line to adjust 
its governors to maintain 60-cycle frequency if this 
correction will tend to correct the tie-line loading. 
With frequency control on one system, all of the load 
changes occurring on the entire interconnection 
obviously will appear eventually on the units under 
automatic control, so that all the net load changes of 
the system without frequency control will appear in 
the tie line. 

Observation on the Colfax-Springdale tie line for a 
period of two years has shown the foregoing reasoning 
to be correct. It is generally assumed that tie-line 
load control tends to make frequency control more 
difficult to obtain. This is based upon the assumption 
that all load changes on one system must flow over 
the tie line and be compensated for by the frequency- 
control equipment before the tie-line equipment has 
functioned. ‘That is to say, the load change is cor- 
rected first by the frequency regulator and later 
by the tie-line control, which in turn requires that 
the frequency regulator drop an amount of load equal 
to that picked up by the tie-line load control. This 
reasoning would be sound if the frequency-control 
equipment were much faster in response than the 
tie-line regulator. As a matter of fact, experience 
has shown that the two types of control work to- 
gether satisfactorily although possibly at the ex- 
pense of increased frequency of operation during 
some periods. 

It has been observed also that the use of tie-line 
regulators affects the permissible neutral zone of the 
frequency regulators on the interconnected systems. 
The initial installation of tie-line load control at Col- 
fax was made at a time when the West Penn com- 
pany was maintaining its system frequency to within 
+().05 cycle by means of automatic frequency control 
devices at its Windsor station. Later, in order to re- 
duce the overloading of other tie lines, the fre- 
quency was allowed to vary as much as +0.15 cycle. 
This resulted in a more erratic power flow over the 
tie line and an increase in corrective operation of the 
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tie-line regulator. It is felt that while the solution to 
tie-line load swings may be put off temporarily by 
allowing frequency to drift, eventually system speeds 
will have to be held rigidly at 60 cycles and load con- 
trol adopted on all tie lines to permit maximum 
utilization of existing transmission facilities between 
the interconnected systems. 

Another interesting observation has been the effect 
on the normal band of power swings with manual and 
with automatic control, respectively. This com- 
parison is shown in Fig. 10. Under manual control 
the average load drifts without any appreciable 
change in the width of the band of power swings; 
whereas with automatic control the average load is 
maintained very close to the desired amount, but 
the band of power swings is enlarged greatly. 

In October 1930 tests were conducted by the 
Duquesne and West Penn companies to determine 
the rate of response of the tie-line control and of the 
frequency control to rapid load changes. This was 
accomplished by rapidly lowering the load on the 
Colfax station 30,000 kw. and allowing the load and 
frequency controllers at the Colfax and Windsor 
stations, respectively, to correct the load distribution 
and frequency without manual assistance. In order 
to analyze the instantaneous load shifts which 
ensued, high speed test meters were used; the results 
of two typical tests are shown in Fig. 6. In both 
tests, when 30,000 kw. was dropped at Colfax the 
power flow over the tie line increased almost simul- 
taneously and at the same rate as the load was 
dropped. This initial division is a characteristic of 
interconnected systems when the load change oc- 
curs at the end of the tie line opposite from the 
point of frequency control. Without tie-line con- 
trol the Windsor station being under frequency con- 
trol would have picked up the entire 30,000 kw. 
dropped. However, the curves show that in both 
cases the tie-line load control had accomplished con- 
siderable correction by operating on Colfax unit No. 1 
before the frequency regulator at Windsor had caused 
that station to acquire much of the load dropped. 


COLFAX UNIT NO.3 (DECREASE) 


MEGAWATTS 


0 20 40 60 80 100 160 180 200 220 240 260 


120 140 
TIME — SECONDS 
40/— 


COLFAX 


TEST NO2 
LOAD CHANGES} 


Fig. 6. Results of two” 
typical tests showing 
load changes effected 
by automatic control -« 
when 30,000 kw. was 
dropped at Colfax 


MEGAWATTS 
Ss 


- eis 2 ee 
0 20.40 60 80. «100 +=«120.~Ss«s4OSs«*G 
TIME — SECONDS 


Both tests were similar except that the speed of 
response of the load regulator was increased in test 
No. 2. It may be noted that in this second test the 
load was dropped at Colfax station but was not 
picked up at Windsor. This was due to the latter 
station dropping load faster to compensate for load 
changes on its own system, and incidentally is a good 
illustration of the advantages of load diversity 
through interconnection. 


Variable Ratio 


Frequency Converter 


Two synchronous-induction frequency con- 
verters with controllable frequency ratio 
and full automatic features were chosen to 
tie a 25-cycle and a 60-cycle system. 
Consideration of generation, loads, load 
cycles, and stability of both systems led 
to the selection of this type of unit. 


By 
L. V. NELSON 


ASSOCIATE A.I:E.E. 


E. L. HOUGH 


ASSOCIATE A.LE.E. 


Both of 
Union Electric Light & 
Pwr. Co., St. Louis, Mo. 


Geers. and continual growth 
of the 25-cycle and 60-cycle systems of the Union 
Electric Light and Power Company created a series 
of problems which called for simultaneous solution. 
These requirements were essentially: 

1. Need for additional 60-cycle prime capacity to meet a normal 
yearly increment in 60-cycle load. 


2. Need for additional 25-cycle reserve capacity to supply over- 
growth of a 25-cycle system load beyond the ability of a run-of-river 
hydroelectric plant and a small 25-cycle steam reserve plant to ade- 
quately handle it. 


3. Recovery of annual loss of 60,000,000 kw-hr. in run-of-river 
hydroelectric plant due to deficiency in 25-cycle system load at times. 


4. Need for 40,000 kva. in synchronous condenser capacity at St. 
Louis to operate on end of 136-mile, 60-cycle transmission line. 


5. Improvement in 25-cycle system operation if a small amount of 
corrective kva. could be added at St. Louis end. 

A coordinated study indicated that more efficient 
use of the generating ability of both systems would be 


Based upon “Interconnection of the 25- and 60-Cycle Systems of the Union 
Electric Light and Power Company” (No. 31-137) presented at the A.I.E.E. 
South West District meeting, Kansas City, Mo., Oct. 22-24, 1931. 
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CONCLUSIONS 


On the basis of the foregoing, it may be said that: 
1. Automatic tie-line load regulators and program loading equip- 
ment have been developed to a commercial stage. 


2. Tie-line load regulators on one system can be operated satis- 
factorily in conjunction with frequency regulators on a connected 
system. 


3. Tie-line control may be used to reduce load fluctuations between 
interconnected systems. 


possible if they were connected by adequate fre- 
quency converter capacity, at the same time securing 
the complete satisfaction of all but the first point 
above enumerated. Keokuk, while developed to a 
maximum capacity of 135,000 kw. as a run-of-river, 
25-cycle, hydroelectric plant, was limited at times to 
a maximum capacity of 70,000 kw., so that the re- 
quirement of 60-cycle prime capacity could not be 
met solely by the installation of frequency changer 
capacity. However, the 60-cycle system, supplied 
entirely from steam plants, was being augmented 
by the addition of a huge storage hydroelectric plant 
at Bagnell, to satisfy the 60-cycle system demand. 

Interconnection of two hydroelectric plants of 
different frequency by frequency converters has ob- 
vious advantages, but when additional system re- 
quirements may be satisfied in the same installation 
with only a minor increase in cost, the importance of 
such an installation is evident. It was determined 
that the frequency changers should have the follow- 
ing characteristics: 


1. The set should be able to transmit power in both directions in 
order to provide additional capacity to the 25-cycle system in times 
of water power deficiency; also access to the 60-cycle system of an 
additional 60,000,000 kw-hr. annually from the 25-cycle hydroelec- 
tric plants. It was found that the transfer to 25 cycles to take care 
of the load requirements on this system thus could be made without 
additional investment in 60-cycle generating equipment. 


2. The machine should have such characteristics as would provide 
interconnection between a fixed capacity 25-cycle generating system 
of 175,000 kw. and an increasing 60-cycle system capacity with a 
present rating in excess of 450,000 kw. 


3. The 60-cycle end of the machine should combine approximately 
50,000 kva. of synchronous condenser capacity for use in bringing 
Osage power into the St. Louis district. 


4. Either end of the machine should be constructed to run sepa- 
rately in the event of diversity between the watersheds of the Keokuk 
plant and Osage plant requiring such operation. This might be re- 
quired also in the interest of economy in operation. 


5. Two machines of one-half capacity each would be preferable to 
one, because then failure of one machine still would permit adequate 
operation in most cases. 


The required size of frequency converters was de- 
termined from load requirements. Two sets of 
20,000-kw. rating were chosen as combining most 
suitably the requirements of load transmittal, spare 
capacity, and synchronous condenser capacity. The 
type of set to be used was the subject of considerable 
investigation. It was found that there were five 
types of machines available; namely, 


1.. The synchronous-converter frequency converter 
2. The synchronous-synchronous converter 


ELECTRICAL ENGINEERING 


8. The synchronous-induction converter 
4. The fixed-ratio synchronous-induction converter 
5. The variable-ratio synchronous-induction converter 


The synchronous-converter frequency converter 
consists of two synchronous converters on inde- 
pendent shafts, one operating from each of the sys- 
tems to be interconnected. All power transferred 
is received at one frequency, converted to direct 
current and reconverted to alternating current of the 
other frequency. The fact that this machine has 
never been built in large sizes definitely precluded 
its use in this case. 

The synchronous-synchronous converter consists of 
two synchronous machines on a common shaft, one 
operating on each system. ‘This machine is the one 
most commonly used. ‘The frequency ratio is fixed 
and therefore the set constitutes a rigid frequency tie 
between systems within the limits of pull-out torque 
of the individual machines. The load is completely 
reversible, the load transmittal being determined 
solely by prime mover governing and not controllable 
at the set. Power factor control of both ends is 
available over a wider range than in any other type 
of set. ‘The efficiency is high, preliminary estimates 
indicating that 95 per cent might be expected on a 
20,000-kw. unit. This set is essentially simple in 
construction and operation and requires but few 
auxiliary machines. The paralleling of machines re- 
quires considerable precision in synchronizing. For 
example, starting from the 60-cycle end there is only 
one chance in twenty-four that the machine will 
“come up” right. Load division between sets is 
accomplished readily by stator shifting. Since ma- 
chines of this type in the rating proposed already 
had been built no untried designs would be necessary. 

Records indicated that the reliability of this type 
of set was good provided the machines were of suffi- 
cient capacity to withstand shocks incidental to 
system disturbances. The chief difficulty in apply- 
ing this machine lies in determining the proper size 
of unit required. An examination of data available 
indicated that not less than from 10 to 25 per cent 
the capacity of the smaller system would be required. 
This application would require a set of from 18,000- 
kw. to 40,000-kw. capacity. Conservatively, it ap- 
peared that units of 30,000 to 40,000 kw. each would 
be required, and since load transmittal requirements 
did not justify units of this size, this type of con- 
verter seemed undesirable. 


The synchronous-induction converter consists of a _ 


synchronous machine direct-connected to an induc- 
tion machine of either the wound rotor or squirrel 
cage type. The frequency ratio of this set varies 
according to the load on the set and is not control- 
lable at the set. The load is reversible if sufficient 
synchronous capacity is available to supply the excit- 
ing kilovoltampere of the induction machine, but 
there is considerable change in frequency ratio with 
change in direction of power flow. Load control is 
determined by prime mover governing. ‘The set is 
relatively stable, the stability being determined 
chiefly by the pull-out torque of the synchronous ma- 
chine. Power factor control is available on the syn- 
chronous end of the set but not on the induction end. 
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The efficiency is relatively low. ‘The set is simple in 
construction and operation and of good reliability. 

The fixed-ratio synchronous-induction converter 
consists of a synchronous machine and a wound rotor 
induction machine with the rotor of the induction 
machine and the stator of the synchronous unit con- 
nected to the lower frequency system, with the stator 
of the induction machine connected to the system of 
higher frequency. This converter is sometimes 
called the ‘‘general transformer”’ since it can be ar- 
ranged to transform phase, frequency, and voltage. 
A peculiar characteristic of this set is that it con- 
stitutes a voltage tie between systems of different 
frequencies in a manner analogous to a transformer 
on a single-frequency system. In several cases the 
set has been used to obtain certain advantages which 
this characteristic gives under particular circum- 
stances. In the case at hand this feature was un- 
desirable. 

The frequency ratio of this converter is fixed by the 
design and is rigid. The load is reversible and the 
load control is obtained by prime mover governing. 
Stability is good and limited power factor control 
is available by a combination of transformer tap 
changing and synchronous machine field control. 
The efficiency is relatively high and operation is 
relatively simple although there is only one chance 


Two 20,000-kw. variable ratio frequency converters 
at Page Avenue substation showing starting motor 
and exciters on 60-cycle end 


261 


in ten of correct polarity and phase on the second 
unit. This type of machine has been reliable in 
service and has been built in large sizes. 

The variable-ratio synchronous-induction con- 
verter consists of a synchronous machine direct- 
connected to a wound rotor induction machine pro- 
vided with suitable regulating machines, the number 
and type varying with the particular manufacturer. 
The distinguishing feature of this set is that the fre- 
quency ratio is variable. Voltage and load dis- 
turbances are reflected through the set to a lesser 
degree than with other types. The load is reversible 
and the load control within the design limits of the 
set is accomplished at the set itself without de- 
pendence on prime mover governing. Stability is 
good, the maximum load transmittal being deter- 
mined by the pull-out torque of the synchronous 
machine, the relative speed changes of the two sys- 
tems, and the speed of operation of the regulating 
equipment. It is interesting to note that if the 
automatic regulating equipment is not working, a 
relative speed change of twice the slip of the induc- 
tion machine is required to change from full load in 
one direction to full load in the other; whereas with 
fixed ratio types this reversal occurs with only a 
small phase angle change. In the synchronous ma- 
chine power factor control can be obtained over a 
wide range and in the induction machine, over a 
limited range determined by economic design con- 
siderations. Efficiency is good although not so high 
as on synchronous-synchronous machines; the effi- 
ciency varies with variation in frequency ratio. Al- 
though simple of operation, the set is somewhat com- 
plex. Its main advantages lie in stability, ease of 


The two 20,000-kw. frequency converters, showing 
the Scherbius regulating equipment for the 25-cycle 
induction unit in the foreground 


starting, and load control. ‘The sets had been built 
in the size contemplated and component machines 
of larger size produced. 

Based on this analysis it was decided to purchase 
two variable-ratio synchronous-induction converter 
sets, each set to be capable of transmitting 20,000 
kw. from the 25-cycle to the 60-cycle system or vice 
versa with simultaneous and opposite variations in 
normal frequency of one-half cycle in each system; 
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that is, each set was to be capable of transmitting 
full load from either system to the other throughout 
frequency variations from 24.5/60.5 to 25.5/59.5 
cycles. This would permit a fairly wide variation 
of frequency in one system if that of the other were 
fixed, the range being affected by the direction of 
load transmittal because of the natural slip of the 
induction machine. 

The machines, completely automatic in operation, 
are of the six-bearing horizontal type with adequate 
provisions for movement of stators on both of the 
large machines to permit easy maintenance or repair. 
A split coupling is provided between the machines, 
with the starting motor and d-c. exciters located on 
the 60-cycle end to permit independent operation 
of the 60-cycle unit as a synchronous condenser, 
if required. Each unit occupies an area of approxi- 
mately 13 x 60 ft. The machines are of the semi- 
enclosed type, drawing filtered air from the room 
and discharging it into the basement. The venti- 
lation requirements are 150,000 cu. ft. of air per 
min. per set. 

The frequency converters in several months of 
operation have met their expected requirements fully. 
The average over-all efficiency has been approxi- 
mately 90 per cent during the first six months’ operat- 
ing period, the normal load cycle requiring operation 
part of the day as 60-cycle generators, and the bal- 
ance of the time as 25-cycle generators, supplying 
25-cycle relay power. 

It has been found that the inherent ability of the 
machine to change load gradually with system speed 
changes has been of marked benefit in stabilizing the 
systems. For example, with the set feeding the 25- 
cycle system, a voltage drop may cause the loss of 
considerable 25-cycle load with consequent speeding 
up of that system. The load reverses and the fre- 
quency is held to a small departure from normal. 
The occurrence of a short circuit on the 25-cycle sys- 
tem reduces the exciting voltage to a low value and 
consequently the decrement curve shows a very 
rapid drop after the first few cycles; this has the 
effect of holding the interrupting requirements on oil 
circuit breakers to a low value. ‘The corrective ca- 
pacity in the 25-cycle induction units varies from 
zero at full load to 16,000 kva. at no load and exerts 
a remarkable stabilizing influence on the 25-cycle 
voltage. The 60-cycle machines are equipped with 
high-speed excitation systems so that the 60-cycle 
voltage is held within close limits. 

The machines as installed cannot be operated 
unless a 25-cycle exciting source is available, although 
minor modifications would permit d-c. excitation to 
bring up a dead system. In several cases where the 
25-cycle bus voltage has been dropped to a very low 
value by faults close into the bus, the machines have 
resynchronized themselves without any difficulty. 
It is of interest that the voltage of the induction unit 
is always at the same frequency as the exciting source, 
but its value may vary through wide limits and it 
may be considerably out of phase with the system 
voltage. Consequently, the ability to resynchronize 
depends upon the action of the regulating equipment 
and the changes in relative system speeds during the 
interval when the bus voltage is very low. 
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papers which at the time of this issue are definitely 
scheduled for presentation at the A.I.E.E. Provi- 
dence District meeting (May 4-7, 1932) are pub- 
lished herewith. Papers presented at this meeting 
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sponse to popular demand and within its space 
limitations, ELECTRICAL ENGINEERING subsequently 
may publish certain of these papers, or technical 
articles based upon them. ; 


The Parallel 


By 
Type “Inverter” 


F. N. Tompkins? 


Tue DEVELOPMENT of the thyratron or three-element 
hot-cathode gas-filled tube with grid-controlled arc has given elec- 
trical engineeing a new tool. Many interesting and valuable appli- 
cations have been devised, among the most interesting of these 
being the ‘‘inverter.’”? Its purpose is the inversion or changing of 
direct current to alternating current, the reverse process of the more 
usual rectification. With the advent of the thyratron with its high 
efficiency, low voltage drop, and its ability to handle the compara- 
tively large amounts of power, the inverter gives promise of becom- 
ing of commercial importance. 

Inverter circuits may be divided into two main types, series and 
parallel. While for the former types many data have been pub- 
lished and many different circuits have been devised, very little 
beyond the fundamental circuit has been given for the latter. The 
purpose of this paper is to present the results of a study of the 
parallel-type inverter which was undertaken to secure a better under- 
standing of the function of each part and of the operation as a whole. 
There is presented the information necessary to make the operation 
of thyratron circuits understood. The principles of operation of 
the inverter are developed by means of simple diagrams, and from 
complete sets of oscillograms the actual operation is shown. 

It is demonstrated that the method of operation differs from that 
usually assumed, inasmuch as the capacitor performs the function 
of giving the correct phase relation between the input current and 
the induced transformer primary voltage, rather than providing a 
sudden reversal of potential on the anode of the tube being stopped. 
This reversal is provided by the induced primary voltage. The 
effects of low power factor loads with both leading and lagging cur- 
rent are shown by oscillograms and the effects of improper circuit 
constants when operating at low power factor are given. 

The output wave form under conditions of full load unity power 
factor is analyzed and it is shown that with the proper circuit con- 
stants the voltage wave is a fair approximation of a sine wave. For 
any given set of circuit constants the output wave forms change 
with the character and degree of loading. When reasonably good 
output wave forms are secured, the voltage regulation is poor but 
the efficiency is high. Changes in the circuit which give better 
regulation cause poorer wave form so that in the design of this type 
of inverter circuit a balance must be chosen between these two fac- 
tors. Curves of efficiency and regulation, the latter showing the 
effects of different values of capacity, are given and briefly discussed. 
(Pamphlet copies not available.) 
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: 7 By 
Engineering Features H. C. Steiner? 
A. C. Gable? 
of Phanotron Tubes HT. Maser? 


Dourinc the last few years vacuum tubes have found 
an ever-enlarging field in industrial applications, the more recent 
gas filled electron tubes providing the engineer with a tool even 
better suited to his needs. Among the outstanding engineering 
features of the gas or vapor filled electron tube (to which the name 
phanotron has been applied) are as follows: 


1. The tubes are static devices, the complete functions of which are performed 
through the movement of electrons and ions. 


2. The efficiency in controlling or converting power is high. Tube efficiency 


ranges from 95 per cent to over 99 per cent. 
3. Control is flexible and the power required for control is small. 


4. The speed of operations as a relay is extremely fast, and in addition, the tube 
may function cycle by cycle or intermittently without the wear that accompanies 
the operation of mechanical devices. 


5. Noise and vibration are entirely absent. 


6. Current carrying capacity is available in the range from a few milliamperes to 
several hundred amperes. 


In practise the name phanotron has become associated with the 
two-element or simple rectifying tube. The phanotron tubes in 
which the starting of the conduction period is controlled electro- 
statically by the action of one or more grids have been termed thyra- 
trontubes. The design, characteristics, and operation of these types 
of tubes are described in this paper, ratings being given 

Fundamentally, applications may be divided into two classes; 
namely, rectifiers converting alternating current into direct current 
with or without voltage control, and inverters changing direct cur- 
rent into alternating current. Oscillograms are given in the paper 
for a bi-phase rectifier with voltage control, supplying loads that are 
predominantly resistive, inductive, and capacitive. The operation 
of a single phase inverter is described and oscillograms are given for 
the voltage and current conditions of one of the tubes, the output 
voltage, and the commutating condenser current. (Pamphlet 
copies not available.) 


Subharmonic Frequencies Pro- 
By 


duced in Non-Linear Systems w. M. Goodhue! 


ly BRIDGE measurements, harmonics, due to a non- 
linear load being measured or due to the power supply may fail to 
be balanced at the same time the fundamental is balanced. This 
impresses on the detecting system a wave containing a large propor- 
tion of harmonics, or, at true fundamental balance, harmonics with- 
out fundamental component. The detecting system contains mag- 
netic materials and may include a vacuum tube amplifier. Different 
observers have found errors which they traced to the apparent con- 
version of part of the harmonics into a fundamental component. 

It is shown in the paper that a single non-linear device, such as a 
vacuum tube operating on a curved characteristic, usually converts 
parts of an input, consisting of third and fifth harmonics only, into 
a fundamental component. This is distinct from detector action 
which occurs at the same time and yields a second harmonic, and 


2. Genl. Elec. Co., Schenectady, N. Y. 
3. Harvard University, Cambridge, Mass. 


also from modulation which requires two stages of amplification, one 
acting as modulator and the other as detector. 

For moderate amplitudes, a Taylor’s theorem expansion of the 
characteristic of the non-linear device is employed and resulting 
formulas for fundamental and harmonics tabulated for an input of 
two harmonics of arbitrary frequency, magnitude, and phase angle. 
The Taylor coefficients of the power series expansion which are in- 
volved in the resulting formulas are determined graphically, as the 
graphic method is more informative, less troublesome, and more 
accurate than attempting to obtain directly the cubic equation by a 
three point method, ete. The effect studied is essentially a third 
order effect. 

For large amplitudes the method is entirely graphic, and even 
ordinary methods of wave analysis are not suitable due to the small 
fundamental and large harmonics. Graphic integration is employed 
and comparisons made of r.m.s. value, average value, and magnitude 
of fundamental. Also an example is worked out with an iron alloy 
(linking a coil) instead of the vacuum tube amplifier. Usually 
the effect with magnetic materials is further complicated by eddy 
currents and cyclic loop effects. (Pamphlet copies not available.) 


A General Theory of Systems of 


B 
Electric and Magnetic Units / 


V. Karapetoff? 


GENERALLY it is conceded that the present situation 
in regard to the electric and magnetic units is far from satisfactory, 
for the following reasons: 

1. Two or three systems of units are in general use (C.G.S. and practical) at 


least two more are employed by some prominent writers (the Gauss system and 
the Heaviside-Lorentz system) and new ones are occasionally being proposed. 


2. The absolute magnitudes of some units fixed by international agreement or 
in general use otherwise are considered as being too small or too large by some 
investigators who urge the adoption of smaller or larger units. 


3. There is an appreciable disparity between the ‘‘absolute’”’ C.G.S. units and 
the corresponding ‘‘international’’ units. 


4. The physical dimensions of the electric and magnetic quantities are believed 
by some scientists to be different in different systems of units. Some physicists 
even believe it legitimate to assign an arbitrary physical dimension to a quan- 
tity; as, to assume absolute permeability for any medium to be a numeric. 


In this paper it is pointed out that a system of electric and mag- 
netic units may be shown to be characterized by five parameters; 
namely, a numeric ” which gives the ratio between the nominal 
density of electric displacement used in that system and the true 
density; a numeric p which gives the corresponding ratio for mag- 
netic flux densities; a physical conversion factor k which converts a 
given volume of current into the corresponding magnetomotive 
force; the absolute permittivity *; and the absolute permeability 
pw. On the basis of these five parameters, the principal fundamental 
equations of electricity, magnetism, and electromagnetic waves are 
written in what is called the general system of units without assign- 
ing definite values to these parameters. It is shown also that the 


five parameters must satisfy the equation vk = VV/np/xu where v 
is the velocity of propagation of electromagnetic waves in that 
particular medium to which «and u refer; otherwise the five parame- 
ters may be chosen artibrarily. 

By giving these parameters specific values, seven different systems 
of units are derived; namely, the electrostatic, the electromagnetic, 
the practical, the Gauss, the Heaviside-Lorentz, one which the author 
calls the compromise system, and the ampere-ohm system introduced 
by him some 20 years ago. The characteristics, the advantages, and 
the disadvantages of each system are briefly discussed, and it is 
shown how to deduce a new system of units from the general system. 

At the end of the article a discussion is given on the physical di- 
mensions of various electric and magnetic units. It is stated that 
four fundamental units are necessary for a system so that if certain 
length, mass, and time intervals are taken as three fundamental 
units, a fourth electric or magnetic unit must be added, for example, 
the permittivity or the permeability. In the ampere-ohm system, 
two mechanical fundamental units are used, the centimeter and the 
second; also two electrical units, the ampere and the ohm. Phys- 
ical dimensions of k are unknown. (Pamphlet copies not available. ) 
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A Proposal to Abolish the 


B 
Absolute Electrical Unit System —E. Weber 


Tue FUNDAMENTAL discovery that the ratio of the 
“absolute” electrostatic unit to the ‘‘absolute”’ electromagnetic unit 
of electric charge, predicted as velocity, was apparently identical 
with the velocity of light brought about an unforeseen confusion 
in the field of electrical units. The use of various absolute dimension 
systems expressing the electric and magnetic quantities by means of 
the three mechanical fundamental dimensions influenced the writing 
style of formulas and caused the introduction of arbitrary factors. 

A veritable flood of articles and papers has been published in the 
important periodicals of the world, concerned either with a new 
system of electric and magnetic units or dimensions, or with a com- 
prehensive basic system of mechanical units. None of them has 
succeeded as yet, because of the attitude of respect toward the classi- 
cal ‘‘absolute’”’ systems. This paper aims to prove conclusively the 
incorrectness of these classical dimension systems and to propose 
“natural systems’’ which, it is hoped, may finally settle the differ- 
ences and put the electrical unit systems upon a sound basis. 

The absolute dimension systems expressing the electric and mag- 
netic quantities by the three dimensions of mechanics are shown to be 
incorrect since the consequent use of proper mathematical statements 
leads to impossible results. However, the definitions of the abso- 
lute units, as well as the “‘practical’’ units in electromagnetics have a 
sense quite independent of the dimension systems. It is shown that 
the simplest and, as it seems, apparently the only true solution is to 
extend the two mechanical dimensions systems, known as technical 
and physical systems, into the field of electromagnetics by adding a 
new fundamental electric dimension. This gives two electrical 
systems, the electrotechnical dimension system with all the practical 
units and the electrophysical dimension system with all the ab- 
solute units. (Pamphlet copies not available.) 


Performance Calculations 
By 


on Induction Motors OG. Went 


Tue MEANS given in this paper for calculating the 
performance of both single phase and polyphase induction motors is 
intended primarily for calculations from previously determined 
design constants. By actual trial the methods have been found to 
be very easy to learn and use even without a knowledge of induction 
motor theory, and are very rapid. 

In the past many of the popular calculating methods for induction 
motors made use of various forms of circle diagrams, charts, families 
of curves, etc. Both methods developed in the present paper are 
arrived at by a simple straightforward use of complex algebra, 
and consist of the filling in of the blank spaces of a calculating sheet 
especially prepared for this purpose and which can be incorporated 
on the regular design sheet. The methods are inherently as ac- 
curate as the best methods proposed to date, and are more accurate 
than many of the older methods. Further, they are well suited to 
rough calculation, ordinary calculation, or exact calculation. 

The single phase calculation method is based upon the cross-field 
theory, the principle being to set up and solve by the algebra of 
complex quantities three simultaneous equations for the currents in 
the three circuits of the motor; namely, primary circuit, transformer 
circuit of the rotor, and the secondary cross-field circuit. The new 
method is faster than previous graphic methods, and also is more 
accurate. The independent variable is the rotor speed. 

The polyphase calculation method is based upon the equivalent 


circuit and the equivalent circuit is based upon the revolving field _ 


theory. The independent variable is the slip. As it is not necessary 
to compute the large number of curves required for some of the pre- 
vious methods, an enormous amount of time and labor is saved. 
Furthermore, the method distinguishes between primary and 
secondary leakage. (Pamphlet copies not available.) 
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Measurement of Stray Load Loss 
By 


in Polyphase Induction Motors C.J. Koch? 


For LACK of a satisfactory method of measurement, 
no provision is made for stray load losses in the A.I.E.E. standard 
efficiency tests for induction motors. 
from 2 to 5 per cent in squirrel cage motors from 1 to 5 hp. in size, 
decreasing gradually with increase in motor rating until they are 
less than 1 per cent for motors of several hundred horsepower. 
Development of an easy method of measuring stray load losses 
would not only rectify this situation, but also would permit the 
losses themselves to be studied more intensively and perhaps ulti- 
mately to be reduced greatly. 

All methods of measuring stray load losses may be classified as 
either direct or indirect. Indirect methods aim to measure the total 
loss in the motor, substraction of the conventional losses yielding 
the stray loadloss. Best known among the various indirect methods 
perhaps is the input-output method. Direct methods of measuring 
these losses are based upon the following procedure: Either the 
rotor or stator winding is excited by direct current with the un- 
excited winding short-circuited; the rotor then is revolved at syn- 
chronous speed and the power required to do this is measured. The 
stray load loss then is determined by subtracting from the power 
required to drive the rotor in this manner, the friction and windage 
losses, and also an amount of power equal to the J?R loss produced 
by the fundamental frequency current in the unexcited member. 

Upon the basis of a series of tests made on both slipring and 
squirrel cage motors of different sizes, the following methods are 
recommended: 


Slipring Motors 


1. Measure the power required to drive the motor at synchronous speed 
with the primary winding short circuited and sufficient d-c. excitation applied to 
the secondary winding to cause full load current to circulate in the primary; 
designate the power required as WV. From the d-c. resistance (making any cor- 
rections necessary for differences in temperature) determine the primary J?R loss 
and designate this as T. 


2. Repeat the test just outlined, with the primary current equal to the magne- 
tizing current, and determine the rotational power required and the /*R loss; 
these latter are designated Wo and To, respectively. 


3. The stray load loss, then, is equal to W—-Wo—T+To. 


Squirrel Cage Motors 


1. Apply d-c. excitation to the stator using two of the stator terminals and 
leaving the third open; the amount of direct current required is 1.225 times the 
full load alternating current per terminal. Under these conditions determine the 
power required to rotate the rotor at synchronous speed; this is designated W. 


2. With the rotor at standstill apply to the stator balanced polyphase voltages of 
normal frequency and of sufficient value to produce full load current per ter- 
minal, and measure the starting torque thus produced. A check on the correct- 
ness of the torque obtained is given by the fact that its value expressed in syn- 
chronous watts must be somewhat less (usually from 5 to 20 per cent) than the 
stator watts input less the stator copper loss as calculated from d-c. resistance. 
Then T = Synchronous watts torque — 0.142 & Syn. Speed (r.p.m.) X Torque 
(Ib.-ft.) 


3. Repeat the test just described, determining Wo with d-c. excitation equiva- 
lent to norma! a-c. magnetizing current and calculate 
Magnetizing Current 

Full Load Current 


4. The stray load lossis then equal to W — Wo —- T+ To 


To= T 


In practise, the starting torque varies closely as the square of the 
primary current. It is desirable therefore to measure the value of 
T at only one value of current, selected to obtain the greatest ac- 
curacy of test, and to obtain the values of T at other points by pro- 
portionality. The best value of current to select for this test will 
depend somewhat upon the type and size of motor. If the current 
is too large, overheating takes place and errors arise due to incorrect 
determinations of conductor temperature. However, if too low 
values of current are used, the small torque produced in comparison 
with the static friction makes accurate values difficult to obtain. It 
is recommended that full load current normally be used for squirrel 
cage and ball bearing motors, while values of 150 per cent full load 
current are recommended for normal use on sleeve bearing motors 
of less than 25 hp. 

It is suggested that, after confirmation or modification by other 
investigators, the methods outlined be taken as a basis for revision 
of the A.I.E.E. standards, such revision to require the inclusion of 
induction motor stray load losses in efficiency determination. 
(Pamphlet copies not available.) 
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These losses may amount to 


Torque-Angle Characteristics 


of Synchronous Machines By 
: , S. B. Crary? 
Following System Disturbances ML. Waring? 


Tue DETERMINATION of the behavior of syn- 
chronous machines during transient conditions subsequent to a sys- 
tem disturbance is becoming increasingly interesting and important. 
In determining this behavior it is essential to know the torque-angle 
characteristic of the given machine under conditions resulting from 
disturbances of various sorts. The most important of such dis- 
turbances are variations in mechanical torque, excitation voltage, 
amount of external reactance, and system voltage. System voltage 
may vary in either magnitude or angular position. 

Some of these disturbances already have been treated by various 
authors. It is the purpose of the first part of the present paper to 
establish general equations from which may be derived specific 
equations. Starting with the fundamental relations already de- 
veloped, general equations are derived for the positive phase se- 
quence torque of a synchronous machine subsequent to the following: 


1. Switching in or out of a connecting line. 


2. Occurrence of a balanced three phase system fault. 


The evaluation of the torque characteristics following such dis- 
turbances is of particular importance in the determination of tran- 
sient stability limits, and a step-by-step method of calculation is given 
so that the electrical torque of a machine having any number of rotor 
circuits can be determined at any time of its swing. The formulas 
and step-by-step method presented make it possible to predetermine 
the effects of amortisseur windings and high speed excitation. No 
attempts, however, have been made to draw any general conclusions 
as to the effect of these two factors. 

In the second part of the paper an actual case of switching out 
of a connecting line is calculated, and the results compared with field 
tests taken on the system of the New York Power and Light Corpora- 
tion. These tests are described in the companion paper, ‘Field 
Tests to Determine Damping Characteristics of Synchronous Ma- 
chines.”” Good agreement between the calculations and test results 
is shown. (Pamphlet copies not available. ) 


Field Tests to Determine 


the Damping Characteristics 
By 


of Synchronous Generators — F. A. Hamilton, Jr.2 


Practica system tests of the damping action of 
generators with and without low resistance damper windings, but 
otherwise identical, have been made. The effects of normal varia- 
tions of generator field circuit resistance, field current, and loading 
were investigated, and data for checking calculated machine con- 
stants also were obtained. The results of the tests presented in this 
paper are valuable from a quantitative, as well as from a qualitative 
standpoint. 

The field tests proved useful in providing graphic evidence of 
phenomena not well understood, and in obtaining data to verify 
available methods of analysis and upon which to build new methods 
of calculation and extension of existing theory. 

Low resistance damper windings were found quite definitely to 
assist the rapid smoothing out of balanced disturbances resulting 
from the switching in or out of lines, synchronizing, load changes, 
or the tripping of loaded generators, and three phase short circuits. 
The test results indicate that generator field circuit resistance and 
generator field current may be varied within normal limits without 
greatly affecting the generator damping characteristics. Also, the 
test data verified methods of calculation presented in the companion 
paper, ‘‘Torque-Angle Characteristics of Synchronous Machines 
Following System Disturbances.’’ (Pamphlet copies not available.) 
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Design of Capacitor Motors 
By 


for Balanced Operation P. H. Trickey® 


Tue PRESENT methods of calculating the full load 
performance of capacitor motors are quite long and tedious. A 
simple convenient method of calculating full load conditions is given 
in this paper, including the necessary theory and formulas. 

It is agreed generally that a capacitor motor should be designed to 
operate under nearly balanced conditions at full load. This means 
that there shall be no transfer of power from one phase to the other 
and the rotor current shall be balanced. With such a design, each 
phase produces equal flux and the rotor operates as if it were in a 
two phase stator. The theory presented in this paper is based upon 
balanced conditions, the method being useful only when the starting 
torque required is not too great. In many cases the starting torque 
requirements determine the winding, and the motor must operate 
slightly unbalanced at full load, with the resultant circulating current 
and lowered efficiency. (Pamphlet copies not available.) 


The Electro-Matic 


Traffic Dispatching System # 


H. A. Haugh, Jr.8 


Ven icie actuated traffic dispatching systems may be 
used by which the traffic in a given area controls itself. By this 
means the duration of the green light period at any intersection is in 
proportion to the volume of traffic on each approach. A smooth 
flow of vehicles is produced which uses the intersection efficiently. 

This system of traffic control consists of three main parts; namely, 
the detectors, the signal lights, and the dispatcher. The detector 
may be any one of several types, such as a mechanical switch located 
in the pavement, an electromagnetic unit, or a beam of light which 
will be interrupted by approaching vehicles. The mechanical type 
has been found to be the most practical. 

This dispatching device for this type of system must be of extreme 
flexibility, and the timing of the signal light cycle must constantly 
change to meet the irregular demand of traffic. This operation is 
secured by a group of time-delayed relays, combined with a switching 
mechanism. The resulting operation is similar to that which would 
be secured by having a traffic policeman at each corner, and the 
speed and amount of traffic, length of time which a car has to wait, 
and such factors, all are taken into consideration. The right-of-way 
is yielded to cross street traffic when the intersection is clear, and 
even when it is not clear if the cross traffic has waited for a predeter- 
mined period. However, moving traffic is never interrupted unless 
the right-of-way has been called to the cross street by waiting traffic 
or by a “pedestrian period.”’ (Pamphlet copies not available.) 


The Flexible Progressive 
By 


Traffic Signal System Bisl Torner? 


A FLEXIBLE progressive traffic signal system usually 
makes it possible to time signals so that traffic may move east and 
west, as well as north and south, at predetermined uniform speeds 
without being obstructed by a “‘stop”’ signal after once having passed 
a “go” signal. The planning of such a system is a matter that re- 
quires most intelligent study and one which yields results well worth 
the effort. Traffic-actuated equipment seldom can be justified 
over pre-timed equipment, as in a great majority of congested dis- 
tricts the coordination of the movement of traffic through the entire 
district is of incomparably greater importance than the most efficient 
movement of traffic at any few intersections taken by themselves. 


7. Eagle Signal Corp., Moline, Ill. 
8. Automatic Signal Corp., New Haven, Conn. 
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Two general types of systems are used for planning service: the 
first employing a central office type controller with no timing devices 
located at the individual intersections, and the second, that which 
employs a master controller at a center point and an individual 
controller at each intersection. All of these controllers must have 
facilities for adjusting the time of each cycle of operation of the sig- 
nals at any intersection from a central point, the percentage of the 
cycle taken by “go” and ‘‘stop” signals must be adjustable over a 
wide range and independently, and the start of the cycle of operation 
at any one intersection should be completely adjustable. 

The following features are important in any flexible progressive 
control device: 


1. Minimum maintenance expense and service interruptions. 
2. Facilities for manual control. 


3. Facilities for shutting down the signals at each local controller and from a 
central point by merely throwing a switch. 


4, Adjustments which can be understood easily and made over a wide range. 


5. The duration of the amber light should not increase or decrease when the 
total time cycle is changed. 


6. Means should be provided for exhibiting emergency signals by control from 
a central point. 


7. Means should be provided for accommodating traffic during times of the day 
when it is very heavy on a particular street. (Pamphlet copies not available.) 


A Recent Development By 


: H.W. Vickery? 
in Traffic Control V_AW. eonuedt 


A TIMING device containing new features and having 
extremely wide ranges of adjustment recently has been developed 
as a means for meeting the problems encountered in controlling 
present day vehicular traffic. 

In the timer, a means is provided to give three progressive relations 
of the signals; thereby, the progressive relation can be changed 
remotely to give, for example, ideal progression of traffic into a city 
in the morning, and out in the late afternoon, with average pro- 
gression in both directions at other hours of the day. 

The timer is driven by a synchronous motor. Thus, accuracy of 
timing and timer settings is assured. A gear shift unit in which the 
gears can be shifted manually or from a remote point gives provision 
for changing the total time cycle. A solenoid operated drum con- 
taining a predetermined arrangement of cams opens and closes the 
signal light circuits. Any of the modern color sequences can be 
obtained by proper arrangement of the cams on the drum. Momen- 
tarily, by keys in a cycle percentage dial, a revolving switch is closed 
a given number of times each cycle. Thus, impulses are supplied 
to the drum solenoid and the drum is advanced through the various 
periods of the color sequence. By proper arrangement of the keys 
any desired percentage adjustment of these periods can be obtained. 

A multi-contact relay in each timer, operated over the same wires 
used for remote shifting of the gears, gives provision for remote 


control of shut down, flashing amber, and fire control. (Pamphlet 
copies not available.) 
The Traffic By 
C. H. Bissell*? 
Flow Regulator J. G. Hummel?® 


Tue PRACTISE of assigning a definite period for the 
red and green lights of each traffic signal, and keeping these periods 
constant throughout the day and week, is subject to serious criticism. 
Needless delays and congestion are caused, and the obedience of 
motorists to traffic signals in general may be broken down. 

Traffic surveys have demonstrated that there are very definite 
traffic peaks and valleys for each week day as well as for Saturdays 


9. Genl. Elec. Co., W. Lynn, Mass. 
10. Crouse-Hinds Co., Syracuse, N. Y. 
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and Sundays. Experience has shown that these variations occur 
with definite regularity. It has not been found practical or economi- 
cal to send out officers to change the timing on every signal light. 
Also, the system of some sort of an electrical or mechanical device to 
record the amount of traffic and adjust the timing signals accordingly, 
entails an expense which cannot be justified. 

A traffic flow regulator has been developed to vary the timing 
automatically through any predetermined cycle. For example, the 
device may be set to give a different signal at each of a large number 
of periods throughout the day, and the setting may be varied for 
different days of the week. In addition, certain special conditions 
frequently are encountered, and for these the timing device allows 
compensation. A system of extreme flexibility is thus secured. 
(Pamphlet copies not available.) 


Double Conductors 


By 
5 ie ; H. B. Dwight" 
for Transmission Lines E. B. Farmer" 


For OVERHEAD transmission lines, double conduc- 
tors, consisting of a second conductor hung a few inches below the 
first by metallic hangers, present a number of advantages over one 
larger conductor. With this double construction, the two conduc- 
tors are electrically in parallel and form one effective conductor of 
large cross-section without increasing the number of insulators or 
crossarms. In some cases where there is a mechanical margin of 
safety, it may be found desirable to add a second conductor to the 
present single conductor. 

Among the advantages which may be secured by the use of double 
conductors are: a reduction of 20 per cent or more in reactance, al- 
most entire elimination of skin effect, an increase in current carrying 
capacity of nearly 30 per cent, an increase in corona voltage of from 
10 to 25 per cent, and in some cases the opportunity to add to the 
conductivity and power rating without scrapping the old conductor. 
The advantages are to be balanced against the extra cost due to 
mechanical features including hangers, increased cost of stringing, and 
additional wind andiceload. Since the increase in ice load is possibly 
the greatest disadvantage, the use of double conductors is of greatest 
interest to southern districts where ice load is not encountered. 

In this article, formulas are given for the calculation of the elec- 
trical characteristics of double conductor transmission lines, which 


enable comparisons with other types to be easily made. (Pamphlet 
copies not available. ) 
Three Phase 
; eee By 
Multiple Conductor Circuits Edith Clarke 


Durinc the past year, the subject of power trans- 
mission by multiple conductor circuits has received considerable at- 
tention. Therefore the formulas and estimating curves given in this 
paper may be of interest. 

Formulas are developed for the inductance and capacitance to 
neutral per phase and the approximate corona starting voltage of 
perfectly transposed multiple-conductor three-phase transmission 
lines having any number of conductors per phase. 

For certain special arrangements of the conductors, curves are 
given for the 60-cycle reactance, capacity susceptance, and corona 
starting voltage. Throughout their practical range these curves 
show the effect of variations in conductor diameter, spacing between 
phases and between conductors of the same phase. Two, three, 
four, and five conductors per phase are considered. 

A comparison is made of multiple and single-conductor circuits 
with respect to charging current, voltage at no load, power which 
can be carried with the same voltage drop, and stability. (Pamph- 
let copies not available.) 


11. Mass. Inst. of Tech., Cambridge, Mass. 
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The Solution of Circuits 


. . B 
Subjected to Traveling Waves 14.1. Rorden® 


Tuer EFFECT of traveling waves upon terminal appa- 


, ratus usually is most easily solved by means of Heaviside’s opera- 


tional calculus. Solutions have been given previously for various 
combinations of impedances that may be encountered in service, 
by considering such impedances to be contained in simple circuits. 
These are intended to approximate the general conditions of a trans- 
mission system. However, a purely mathematical analysis of such 
an involved nature often is looked upon skeptically and experi- 
mental variation of such calculation therefore is valuable. 

It is the major purpose of this paper to illustrate the accuracy 
with which mathematical solutions of traveling wave theory are sub- 
stantiated by test results. For this purpose a transmission about 
2 miles long was used, this line consisting of parallel conductors 
placed 8 ft. apart and forming a loop so that both ends terminated 
at the laboratory where both the lightning generator and the cathode 
ray oscillograph were located. Various other arrangements were 
used including the direct application of the lightning waves to im- 
pedances and transformers. 

Much valuable information has been obtained relative to the wave 
shape and other peculiarities of traveling waves. Many irregulari- 
ties exist in these waves, but generally the waves may be reproduced 
to a sufficient degree of accuracy that their effect may be deter- 
mined both analytically and experimentally. It was found that in 
general the test results checked the calculations very precisely. The 
relative importance of the various factors affecting traveling waves 
also are discussed, and it is pointed out that certain of these may be 
neglected. (Pamphlet copies not available. ) 


Corona Limit, Transmission Characteristics, 
and Method of Loading Multiple 
Conductor Lines for Very 
High Voltages 


By 
C. A. Boddie!® 


Tue OBJECTS of this paper are to discuss a simple 
and practical method by which the present transmission voltages 
may be increased greatly and to point out a method of avoiding the 
detrimental effects of the immense charging currents attendant on 
the use of very high voltages. The most formidable natural limita- 
tion which prevents raising line voltages is the formation of corona, 
and the paper is concerned chiefly with the overcoming of this 
limitation. This may be accomplished by the proper method of 
increasing conductor diameter and using multiple conductors. The 
conclusions brought out by this paper are as follows: 

Transmission lines may be built for considerably higher voltage 
than those at present used, and the same economies available 
through the use of higher voltages apply to voltages above 220 kv. 
as apply below that value. No very serious difficulties may be 
expected in going to the higher voltages. Multiple conductor lines 
lend themselves naturally to use at very high voltages, and line 
charging currents may be taken care of easily by introducing air gaps 
in the raising and lowering transformers or by use of properly de- 
signed loading coils. Also, loading coils assist greatly in switching. 

When large blocks of power are to be transmitted it is always most 
economical to push the line voltage up to the point where a single 
circuit will transmit all the power. This may always be done how- 
ever great the power. The question of duplicate lines as affecting 
the continuity of service may in some cases tend to modify this con- 
clusion, but in general the fewest possible number of circuits gives 
the most economical system. Improvement in the methods of 
operating large three phase lines will minimize the necessity for 
spares and emphasize the foregoing conclusion. (Pamphlet copies 
not available.) 


12. Genl. Elec. Co., Pittsfield, Mass. 
13. Boddie Electro Physical Laboratories, Wilkinsburgh, Pa. 
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News 


Of Lastitute and Related Activities 


North Eastern District 
to Meet at Providence 


Thee EIGHTH annual meeting of the 
North Eastern District of the A.I.E.E. will 
be held at Providence, Rhode Island, May 
4-7, 1932, with headquarters at the Provi- 
dence Biltmore Hotel. The committee has 
arranged an attractive program consisting 
of four technical sessions, inspection trips, 
a banquet, entertainment features, and a 
special program for the ladies. Another 
important feature of the meeting will be the 
student program scheduled for Friday, 
May 6. The technical sessions cover a 
variety of subjects. There will be a sym- 
posium on traffic control, a session arranged 
by the committee on electrical machinery, 
one by the committee on power transmis- 
sion and distribution, and ‘a session on 
selected subjects. 

Providence, the capital of Rhode Island 
and the southern gateway to New England, 
enjoys exceptional shipping facilities to all 
parts of the world. Situated at the head of 
Narragansett Bay, 30 miles from the ocean, 
it occupies a strategic position as a port for 
both foreign and domestic commerce as well 
as a point of inland distribution; it is the 
second largest oil distributing port on the 
Atlantic seaboard. The city, itself, has a 
population of approximately 350,000, and 
within 15 miles of the city hall there are 
more than 700,000 inhabitants. The com- 
munity enjoys 59 parks and playgrounds, 
the Roger Williams Park with its chain of 
lakes being considered one of the most 
beautiful parks in the country. 

Providence is the home of Brown Univer- 
sity established in 1664 and seventh in age 
among American colleges with an enroll- 
ment of approximately 2,200 students and a 
faculty of 200. Pembroke College for 
women is a part of the university. Provi- 
dence College, the Rhode Island College of 
Education, the R. I. School of Design, and 
the R. I. College of Pharmacy all are located 
here. R. I. State College is at Kingston. 

Industrially, Providence ranks high; it is 
the center of a state which has 55.1 per cent 
of its workers engaged in machine trades. 
The Brown and Sharpe Mfg. Co., makers of 
tools, the Nicholson File Co., American 
Screw Co., and Gorham Mfg. Co., makers of 
sterling silverware, all located in this city, 
are the largest in the world in their respec- 
tive fields. The rubber industry also has 
good representation by seven large plants 
producing rubber footwear, medical goods, 
and novelties. Some of the largest plants 
of the U. S. Rubber Company are located 
here. 
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South Street generating station of the Narragansett Electric Company, Providence, one of the 
largest steam plants in New England. The installed generating capacity is 225,000 hp. 


The Narragansett Electric Company, 
largest unit in the New England Power 
Association, serves most of the entire cen- 
tral and southern sections of the state, the 
southern part being served through a sub- 
sidiary company, the South County Public 
Service Company. The Blackstone Valley 
Gas and Electric Company serves the 
northern section and the Newport Electric 
Corporation the islands of Rhode Island 
and Conanicut. A network of transmission 
lines, steam and hydroelectric stations give 
to Rhode Island the benefit of an abundant 
supply of electric current. The Providence 
Gas Company established in 1848 serves 
about 82,000 customers in Providence and 
suburbs. 


ENTERTAINMENT FEATURES 


Wednesday night will witness the ‘‘Gath- 
ering of the Clans.’”’ Provision will be made 
for informal get-togethers and reunions, 
ecard tables will be available, and supper 
dancing may be enjoyed in the Venetian 
Room of the Providence Biltmore Hotel. 

Sock and Buskin, the dramatic organiza- 
tion of Brown University, is endeavoring to 
arrange a performance on Friday evening 
for the Institute members and ladies. 

To the golf playing members there will be 
available the facilities of the Wannamoisett 
Country Club, a ranking course over which 
the Professional Golfer’s Association in 1931 


played off their championship. Tennis 
facilities will also be provided. 


BANQUET 


The banquet will be held Thursday 
evening in the main ballroom of the Bilt- 
more. Prof. William H. Kenerson of the 
mechanical engineering department of 
Brown University will act as toastmaster 
and William S. Lee, junior past-president 
of the Institute, will be the speaker of the 
evening. Both President C. E. Skinner 
and Vice-President I. E. Moultrop will 
address the meeting, and the District prizes 
awarded for papers given in 1931 will be 
presented. At the conclusion of these cere- 
monies there will be dancing until 1:00 a.m. 


LapiEs’ ENTERTAINMENT 


The committee for the entertainment of 
the ladies has prepared what should be an 
interesting program. Itis planned to spend 
one afternoon in colonial Rhode Island, a 
large share of which still maintains its 
original appearance. This will be rounded 
out with a tea in the historic mansion now 
housing the Handicraft Club. <A luncheon 
and bridge at one of the city or nearby 
country clubs also is contemplated. Trips 
to Roger Williams Park and other points of 
local interest will be arranged. Golf courses 
and tennis courts will be made available 
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to all ladies interested in those departments 
of sport. 


_INSPECTION TRIPS 


Inspection trips are scheduled on the 
program for Thursday afternoon and 
Saturday morning. In addition, a special 
trip for the students is being arranged for 
Friday afternoon. 

Full details of all trips will be announced 
later and posted on the bulletin board. 
Among the places of interest which may be 
visited are a generating station and sub- 
stations of the Narragansett Electric Com- 
pany and the Gorham Manufacturing Com- 
pany. The engineering laboratories of 
Brown University will also be open for 
inspection. Several other trips also are 
being arranged. 


REGISTRATION 


All who plan to attend the meeting should 
register in advance by mail. A card for this 
purpose will be sent to all members of Dis- 
tricts 1 and 3 before the meeting. Members 
should complete their registration after 
arrival at the meeting so as not to miss the 
opening session. There will be a meeting 


fee of one dollar for members and fifty — 


cents for students. 

All who register in advance will be sent a 
road map of Rhode Island and a map of 
the downtown section of Providence show- 
ing headquarters and convenient parking 
and garage facilities. 

Hotel reservations should be made by 
writing directly to the hotel preferred. 
Rates for the headquarters hotel, Providence 
Biltmore, as well as several other recom- 
mended hotels are given in the accompany- 
ing table. 


Technical Program 


Abstracts of all papers to be presented at 
the meeting are given on adjoining pages. 
Pamphlet copies of these papers are not 
available. 

All technical sessions and the opening 
of the meeting will be held at the Providence 
Biltmore Hotel. Breakfast meetings will 
be announced on the bulletin board near 
registration headquarters and will be held 
daily for authors and chairmen of the tech- 
nical sessions scheduled for the day. 


Wednesday, May 4 


9:00 a.m.—Registration 
9:30 a.m.—Opening Session 

Opening address—I. E. Moultrop, vice-president, 
North Eastern District, A.I.E.E. 


Welcoming remarks—James E. Dunne, mayor of 
Providence 


Greetings—Leighton T. Bohl, president of Provi- 
dence Engineering Societies 


Selected Subjects—Prof. V. Bush, chairman 


PARALLEL TYPE INVERTER, F. N. Tompkins, 
Brown University 


ENGINEERING FEATURES OF PHANOTRON TUBES, 
H. C. Steiner, A. C. Gable, and H. T. Maser, 
General Electric Co. 


SUBHARMONIC FREQUENCIES PRODUCED IN NOoN- 
LINEAR Systems, W. M. Goodhue, Harvard Uni- 
versity 
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A GENERAL THEORY OF SYSTEMS OF ELECTRIC 
AND MacGnetic Units, V. Karapetoff, Cornell 
University 


A PrRoposaL TO ABOLISH THE ABSOLUTE ELEC- 
TRICAL Unir Systems, E. Weber, Brooklyn Poly- 
technic Institute 


2:00 p.m.—Electrical 
chairman 


Machinery—P. L. Alger, 


PERFORMANCE CHARACTERISTICS OF INDUCTION 
Motors, C. G. Veinott, Westinghouse Electric & 
Mfg. Co. 


Srray Loap Loss In PoLtypHASE INDUCTION 
Morors, C. J. Koch, General Electric Co. 


ToORQUE-ANGLE CHARACTERISTICS OF SYNCHRO- 
NOUS MACHINES FOLLOWING SySTEM DISTUR- 
BANCES, S. B. Crary and M. L. Waring, General 
Electric Co. 


Fietp TESTS TO DETERMINE THE DAMPING 
CHARACTERISTICS OF SYNCHRONOUS GENERATORS, 
F. A. Hamilton, General Electric Co. 


DeEsIGN OF CAPACITOR Motors FoR BALANCED 
OpERATION, P. H. Trickey, Westinghouse Electric 
& Mfg. Co. 


8:00 p.m.—Informal Reception 
Thursday, May 5 


9:00 a.m.—Symposium on Traffic Control—H. M. 
Turner, chairman 


Address: THE BROADER ASPECTS OF TRAFFIC 
ConTROoL, E. P. Goodrich, president, Traffic 
Institute 


THE FLEXIBLE PROGRESSIVE TRAFFIC SIGNAL 
System, H. I. Turner, Eagle Signal Corp. 


ELECTROMATIC TRAFFIC DISPATCHING SYSTEM, 
H. A. Haugh, Jr., Automatic Signal Corp. 


RECENT DEVELOPMENTS IN TRAFFIC CONTROL, 
H. W. Vickery and V. W. Leonard, General Electric 
Co. 


TRAFFIC FLow RecuvarTor, C. H. Bissell and 
J. G. Hummel, Crouse-Hinds Co. 


12:00 m.—District Executive Committee Luncheon 
2:00 p.m.—Inspection Trips 


6:00 p.m.—Banquet 


Friday, May 6 


9:00 a.m.—Student Technical Session 


Address—William S. Lee, junior past-president, 
A.I.E.E. 


Awarding of Prizes 


12:00 m.—Luncheon Conference of Counselors 
and Delegates 


2:00 p.m.—Student Inspection Trip 


2:00 p.m.—Transmission—P. H. Chase, chairman 


DouBLE CONDUCTORS FOR TRANSMISSION LINES, 
H. B. Dwight and E. B. Farmer, Massachusetts 
Institute of Technology 


THREE PHASE MULTIPLE ConpDuUcTOR CiRCUITS, 
Edith Clarke, General Electric Co. 


THE SOLUTION oF CIRCUITS SUBJECTED TO 
TRAVELING Waves, H. L. Rorden, General Electric 
Co. 


Corona Limit, TRANSMISSION CHARACTERISTICS 
AND MerTHOD oF LOADING MULTIPLE CONDUCTOR 
LINES DESIGNED TO OPERATE AT VERY HIGH 
VottTaGeE, C. A. Boddie, Boddie Electro Physical 
Labs. 


7:30 p.m.—Entertainment Feature 
(To be announced at the meeting) 


Saturday, May 7 


Meeting rooms have been arranged for continued 
sessions of any part of the technical program. 


The local committee is planning an all-day trip, 
details of which will be announced later. 


RULES ON PRESENTING AND 
DISCUSSING PAPERS 


At the technical sessions papers will be 
presented in abstract, ten minutes being 
allowed for each paper unless otherwise 
arranged or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually five minutes is allowed 
to each discusser. When a member signi- 
fies desire to discuss papers on other subjects 
or groups he shall be permitted a five- 
minute period for each subject or group. 

It is preferable that a member who 
wishes to discuss a paper give his name be- 
fore hand to the presiding officer of the 
session at which the paper is to be pre- 
sented. Copies of discussion prepared in 
advance should be left with the presiding 
officer. 

Each discusser is to step to the front of 


The Mall—heart of the business section of Providence—looking toward the city hall from the 


steps of the Federal Building. 


The Providence Biltmore Hotel is on the right, the Union 


station being slightly further to the right 
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the room and announce, so that all may 
hear his name and professional affiliations. 


COMMITTEES 


District Meeting—I. E. Moultrop, chairman, vice- 
president, North Eastern Dist.; A. C. Stevens, 
secretary-treasurer, North Eastern Dist.; C. W. 
Henderson, chairman, Student Counselors, North 
Eastern Dist.; O. W. Briden, R. W. Graham, 
W. S. Maddocks, J. P. McCann, R. G. Warner, 
and F. C. Young. 


Local—W. S. Maddocks, chairman; O. W. Briden, 
secretary-treasurer; R. W. Herrick, Mrs. R. W. 
Herrick, J. W. Keeney, L. P. Kenneally, and 
J. C. B. Washburn. 


Hotels and Registration—O. W. Briden, chairman; 
R. W. Allen, L. P. Breault, A. S. Kirk, E. E. Nelson, 
R. C. Patton, O. E. Sawyer, F. N. Tompkins, and 
R. J. Underwood. 


Finance—J. W. Keeney, chairman; W. W. Broad- 
bent, and O. W. Briden. 


Inspection Trips and Transportation—J. C. B. 
Washburn, chairman; P. W. Browers, P. L. Carroll, 
E. B. Curdts, R. W. Eaton, L. E. Fogg, J. E. Hall, 
C. H. Parker, and G, U. Parks. 


Great Lakes District 


Sports, Entertainment, and Banquet—R. W. Her- 
rick, chairman; E. S. Esty, M. V. Gardner, I. W. 
Knight, J. J. O’Brien, W. C. Slade, T. G. Webber, 
and J. W. Young. 


Student Program—C. W. Henderson, chairman; 
W. B. Hall, and L. W. Hitchcock. 


Publicity—L. P. Kenneally, chairman. 


Ladies Entertainment—Mrs. R. W. Herrick, 
chairman; Mrs. R. W. Eaton, Mrs. W. S. Mad- 
docks, Mrs. W. C. Slade, and Mrs. J. W. Young. 


Hotel Single Double 


Providence Biltmore. .$3.50-$7.00. .$5.50-$10.00 
(With bath and 


shower)ieeem ante $5.00-$8 .00. .$7.00-$12 .00 
Narragansett......... $2.50* . .$4.00* 
$3 .00-$3.50. .$4.50-$5.00 
Crowtcnaiatce stim ester $2.00* . -$4.00* 
$3.00 $6.00 
Wayland Manor 
(Family Hotel)..... $3.50 $5.00 


Apartments, 3 or 4 persons, $2.50 per person 


* Rooms without bath. 


Milwaukee Meeting Exceeds Expectations 


As a fitting tribute to the various com- 
mittees that planned and handled the meet- 
ing of the Great Lakes District (No. 5) held 
at the Pfister Hotel in Milwaukee March 
14-16, the attendance and participation in 
the meeting activities exceeded even the 
fondest expectations of those in charge of the 
work. The whole program of activity for 
the meeting was well conceived, and organ- 
ized for the greatest convenience of those 
attending. Technical sessions were held 
only in the forenoons, Monday, Tuesday, 
and Wednesday, with the single exception 
of the student technical session which was 
held Monday afternoon. An attractive and 
carefully managed program of inspection 
trips provided those in attendance with 
afternoon activities which served as recrea- 
tion as well as to acquaint the participants 
with the interesting features of Milwaukee 
industries. The popularity of this program 
was emphatically attested to by the regis- 
tration of 552 members, Enrolled Students, 
and guests. 

With credit to T. N. Lacy of Detroit, 
Mich., and to A. G. Dewars of Minneapolis, 
Minn., respectively vice-president and secre- 
tary for the Great Lakes District, for the co- 
ordination of District activities in connec- 
tion with the meeting, full credit for the un- 
tiring prosecution of the details so essential 
to meeting success, goes to F. A. Kartak, 
dean of engineering of Marquette Univer- 
sity, Milwaukee, vice-chairman of the Dis- 
trict meeting committee, and to the com- 
mittee organization which functioned under 
his direction. The general committee, in 
addition to those already mentioned, in- 
cluded C. C. Knipmeyer of Terre Haute, 
Ind., student counselor for the Great Lakes 
District; J. F. H. Douglas, Fraser Jeffrey, 
C. H. Krueger, and E. U. Lasson, of Mil- 
waukee, Wis.; F. R. Innes and F. H. Lane, 
of Chicago, Ill.; N. H. Blume and L. C. 
Larson, of Madison, Wis.; and C. E. 
Skroder of Urbana, Ill. 
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TECHNICAL SESSIONS 


The Milwaukee technical program con- 
sisted of sixteen papers divided among three 
sessions held one each morning. For the 
most part these sessions were operated on a 
strict schedule so as to balance the time be- 
tween presentation and resulting discussion. 
This program control contributed to the 
effectiveness of the sessions, all of which 
were heavily attended (as high as 300 per- 
sons per session). In so far as possible 
papers were grouped on the program accord- 
ing to their subject matter and expected 
appeal. 

One effort which undoubtedly contributed 
in an important way to the smooth and 
effective handling of the various technical 
sessions was the holding each morning, 
preceding the session, of a breakfast meeting 
presided over by the chairman of that day’s 
session and attended by all persons involved 
in the presentation of papers for that session. 
At these informal conferences last minute 
details involving the coordination of pres- 
entation and discussion were worked out to 
mutual satisfaction, and any special con- 
tingencies taken care of, all to the benefit of 
the session itself. The technical program 
was under the direction of Prof. J. F. H. 
Douglas, whose committee comprised L. R. 
Mapes and H. E. Wulfing, of Chicago, IIL, 
E. Bennett of Madison, Wis., B. H. Clinger- 
man of Minneapolis, Minn., G. E. Lewis of 
Ann Arbor, Mich., and S. H. Mortensen and 
G. G. Post of Milwaukee, Wis. 


STUDENT PROGRAM 


The student program, in addition to ac- 
tive student participation in all meeting 
activities, included a Monday morning 
executive session of the student activities 
committee under the chairmanship of Prof. 
C. C. Knipmeyer, student counselor for the 
Great Lakes District. At that session there 


s 


was 100 per cent attendance of Student 
Branch chairmen from the sixteen Branches 
in the district. ach chairman gave a re- 
port covering the year’s work of his branch, 
and also outlined plans and problems in- 
volved in future activities. An open forum 
discussion resulted in a highly’ desirable 
interchange of ideas. 

The student technical session held Mon- 
day afternoon was attended by 225 Enrolled 
Students, comprising an excellent repre- 
sentation from each of the District’s sixteen 
Branches. Ten excellent technical papers 
prepared by nineteen student authors were 
presented during the afternoon’s session. 
Interest was so intense that all present re- 
mained throughout the entire afternoon for 
the presentation of the whole group of pa- 
pers, maintaining the closest attention 
throughout the session. The 150 mimeo- 
graphed copies of each of the ten papers that 
were available for distribution at the meet- 
ing failed to meet the demand. Papers 
presented included the following: 


1. THE ELECTRON TUBE IN THE MODERN WORLD, 
F. M. Deerhake, University of Illinois. 


2. OPPORTUNITIES IN Home LIGHTING, D. W. 
Marchant, University of Iowa. 


3. Low Vottace A-C. DiIsTRIBUTION NETWORKS, 
O. J. DeBever, Lewis Institute. 


4. Macnetic Tests or Cotp ROLLED STEEL, 
Grey Cast IRON AND CHROME-NICKEL Cast IRON 
AT HicH Fiux Densities, E. Halbach, H. Van- 
Pietersom, C. R. Dernbach, C. G. Post, C. R. 
Mikolic, M. J. Auchter, R. G. Klein, and H. A. 
Trimborn, Marquette University. 


5. DISTRIBUTION OF ELECTRICITY FOR LIGHTING 
or BuILDINGs, L. Zanoff, University of Michigan. 


6. RESONANCE IN A NON-LINEAR Circuit, R. T. 
Bozak, School of Engineering of Milwaukee. 


7. AN EXPERIMENTAL Stupy oF INDUCTION 
Moror Lossgs, E. S. Loye, and L. A. Rovelshy, 
University of Minnesota. 


8. TELEVISION, AN INVENTION IN THE MAKING, 
E. M. Purcell, Purdue University. 


9. DrspuTyL PHTHALATE AS A SUBSTITUTE FOR 
TRANSFORMER OIL, J. W. Niemi, and J. H. Mont- 
gomery, Rose Polytechnic Institute. 


10. ReEcTILINEAR GrRapus, H. E. Grant, Univer- 
sity of Wisconsin. 


Monday evening a special student dinner 
was served at the Marquette Union, fol- 
lowed by suitable brief addresses and a lively 
St. Patrick’s celebration under the auspices 
of the local Student Branches. Prof. C. C. 
Knipmeyer in charge of student program, 
was ably assisted by E. W. Kane and V. M 
Murray of Milwaukee. 


ENTERTAINMENT FEATURES 


Active in supporting Milwaukee’s repu- 
tation for hospitality, the various com- 
mittees that promoted and handled the 
inspection trips, the women’s activities, and 
the dinner-dance program provided those 
attending the meeting with more than they 
could do within the allotted time. These 
activities were well conceived and carefully 
and smoothly fitted into the general pro- 
gram for the Milwaukee meeting. Inspec- 
tion trips, available each afternoon, em- 
braced local industrial and municipal under- 
takings of a scope sufficiently wide to meet 
the desires of the most critical. Trans- 
portation was supplied by the local com- 
mittee for trips em masse for the larger and 
more popular trips, and transportation for 
small parties wishing to make trips of a 
special character. This feature of the pro- 
gram was under the direction of W. F. Lent 
of Milwaukee, whose committee consisted 
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of C. W. Kuhn, J. A. Potts, L. F. Reinhard, 
and R. C. Siegel, of Milwaukee. 

Inspection trips included the plants of 
Allis-Chalmers Manufacturing Company, 
Falk Manufacturing Company, Cutler- 
Hammer Inc., Westinghouse Lamp Com- 
pany, and the O. A. Smith Corporation; 
properties of The Milwaukee Electric Rail- 
way & Light Company and the Wisconsin 
Telephone Company; and the Milwaukee 
sewage disposal plant. 

Activities planned for the women and 
carried out under the direction of Mrs. J. D. 
Ball of Milwaukee included shopping trips, 
sightseeing trips, and bridge and theater 
parties. Organized activities were supple- 
mented by provisions to take care of special 
desires of smaller groups. Assisting Mrs. 
Ball were: Mrs. S. C. Fraser, Mrs. Fraser 
Jeffrey, Mrs. E. W. Kane, Mrs. F. A. Kar- 
tak, Mrs. V. M. Murray, Mrs. A. Simon, 
Mrs. C. H. Skinner, Mrs. R. B. Williamson, 
Mrs. S. H. Mortensen, and Mrs. E. W. See- 
ger. 

A fitting climax to the entertainment side 
of the program was furnished by the in- 
formal dinner-dance held Tuesday evening 
under the direction of Prof. John D. Ball of 
Milwaukee, and his hard-working com- 
mittee: F. A. Coffin, S. C. Fraser, J. A. 
Havlick, R. G. Lockell, O. W. A. Oetting, 
C. H. Skinner, Sam Snead, R. M. VanVleet, 
and C. T. Evans, all of Milwaukee and vi- 
cinity. Notably well done was the effort to 
make the dinner a true reflection of an old- 
time German festive affair in keeping with 
the best local custom, and those customs 
traditionally if not too accurately ascribed 
to Milwaukee. The German menu was 
more than most of those in attendance could 
decipher, but the result was voted a genu- 
ine success. Likewise the entertainment 
proved to be particularly well arranged, and 
was brought to a well conceived climax at 
the close of the dinner. The dinner enter- 
tainment features included the local and 
highly popular ‘Heidelberg Quartette,” 
properly costumed and most popular when 
reflecting a German atmosphere; a “‘Ger- 
man street band’”’; two ‘“‘sisters” in a Dutch 
wooden shoe dance; and. subsequently in a 
song presentation Miss Kathleen Sauerwald, 
a contralto accompanied at the piano by her 
sister, whose beautiful presentations repeat- 
edly “brought down the house” with round 
after round of enthusiastic applause. For 
the dancing subsequent to the meal, the 
‘‘Blectric Orchestra,’’ electrical reproducing 
equipment functioning through a public ad- 
dress system set up for the occasion and 
operated under the engineering guidance of 
R. E. Deland and Sam Snead, admirably 
(and very economically) supplied selected 
dance numbers to supplement the efforts of 
“Heine’s Band.” 

A registration exceeding expectations by 
50 per cent was efficiently handled by J. U. 
Heuser and his committee: F. T. Coup, J. 
L. Defandorf, W. H. Fernholz, I. L. Illing, 
C. G. Matthews, and H. A. Bartlin. Mr. 
Heuser’s committee was effectively assisted 
in registration work by a group of young 
women generously supplied by the Milwau- 
kee Association of Commerce. The Pfister 
Hotel was exceptionally generous in making 
available without cost rooms and services for 
meeting purposes. 

One of the features of the Milwaukee 
meeting was a policy of no registration fee 
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either for members or students. The suc- 
cess of this policy, in spite of the heavy offer- 
ing of inspection and entertainment activi- 
ties, was made possible by the hard work of 
the finance committee under the direction of 
Fraser Jeffrey, of Milwaukee, and his com- 
mittee: R. L. Dodd, P. B. Harwood, and 
H. L. Van Valkenburg, of Milwaukee; and 
K. A. Auty of Chicago, Ill. That the pub- 
licity efforts of R. R. Knoerr and his aid, 
J. H. Sobey, were effective was evidenced 
by the repeated attention given to the 
meeting by Milwaukee and other Wisconsin 
papers. 


Executive Committee 
Memorializes Leaders 


Two long-active leaders in the affairs of 
the American Institute of Electrical Engi- 
neers, recently deceased, were memorialized 
by the executive committee of the Institute’s 
board of directors at its regular meeting held 
at national headquarters March 9, 1932. 
Resolutions adopted giving official recog- 
nition to the valued services of former 
National Secretary F. L. Hutchinson are 
recorded in full on p. 227 of this issue; 
those recognizing the services of the late 
Dr. Harold Babbitt Smith, past-president 
of the Institute, follow: 


WHEREAS: Through the death of Professor 
Harold B. Smith the American Institute of Elec- 
trical Engineers has lost one of its most active and 
influential members, a noted leader who had ren- 
dered valuable services as a member of many com- 
mittees, a director, a vice-president, and as presi- 
dent, 


WHEREAS: His keen interest in District, Section, 
and Branch activities and his success in encouraging 
their development contributed much to the growth 
and influence of the Institute, 


WHEREAS: His vigorous leadership in electrical 
engineering education and research, his ability to 
correlate developments in theory and practise, his 
deep interest in the progress of his students and 
former students, as well as his quiet, persistent 
enthusiasm for the development of the entire elec- 
trical engineering field won the high respect of 
many friends, be it, therefore, 


RESOLVED: That the executive committee on 
behalf of the membership hereby expresses its 
sense of the great loss which the Institute and the 
entire engineering profession have sustained, and 
be it further 


RESOLVED: That these resolutions be entered 
in the minutes and that a copy be transmitted to 
members of his family. 


American Welding Society to Meet in 
April.—A tentative program has been an- 
nounced for the annual meeting of the Amer- 
ican Welding Society to be held in the En- 
gineering Societies Building, 33 West 39th 
Street, New York, N. Y., April 27-29, 
1932. Five technical sessions including 23 
papers, covering a wide variety of subjects, 
have been scheduled. In addition there 
will be a business session and meetings of the 
board of directors, the structural steel weld- 
ing committee, and the American Bureau of 
Welding. The eleventh annual dinner 
which will be arranged as a stag affair is 
scheduled for the evening of April 28. ua 


Faraday Plaque 
Given to the Institute 


Sir Robert A. Hadfield, London, England, 
has presented to the Institute a bronze 
plaque of Michael Faraday, having as a 
background the workshop in which Faraday 
performed his experiments on steels and 
alloys. On the right is shown a box, labeled 
by Faraday, and in which were found 79 of 
his specimens of steel and alloy steel, while 
on the left is shown the famous ‘“‘blast’”’ 
furnace used by Faraday. The plaque has 
been accepted by the board of directors of 
the Institute. 

It measures 13 x 81/2 in., and is a replica 
of that prepared by F. J. Halnon, a sculp- 
ture of some note in London, and used as 
the basis for the frontispiece of a book 
“Faraday and His Metallurgical Re- 
searches”’ recently written by Sir Robert 
Hadfield. This book, having special refer- 
ence to the development of alloy steel, has 
been prepared by a man who is himself not 
only a disciple of Faraday, but also a metal- 
lurgist through his numerous researches 
contributing much to the development of 
magnetic and other steels. 

The story deals with the work of Michael 
Faraday during the period between 1819 and 
1824 when he confined his investigations to 
the realm of metallurgy. This was his first 
research and led to others which he later 
made in chemistry and electricity. In addi- 
tion to the historical matter in the book, 


much technical information is included, so 
that a careful study may be found to be of 
practical importance. Considerable research 
and investigation were undertaken in pre- 
paring the text, and the author has com- 
bined these results with the historical data 
in a volume most pleasing and interesting to 
read. The book, 329 pages in length and 
carefully illustrated, is published by Chap- 
man and Hall, Ltd., London, England. 


271 


Summarized Review of 


Some Winter Convention Discussions 


Prin CIPAL discussions of winter con- 
vention papers are summarized herewith. 
The papers to which these discussions refer 
were abstracted in ELECTRICAL ENGINEER- 
ING for January 1932, p. 39-49 and Feb- 
ruary 1932, p. 180-2, excepting only the 
papers given more complete treatment in 
these same issues; additional articles based 
upon these papers are being presented in 
subsequent issues. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules 
is summarized. Complete discussion to- 
gether with all approved papers will be 
published in the TRANSACTIONS. 


Protective Devices 
A New HicuH SPEED DISTANCE RELAY 


J. H. Neher (Philadelphia, Pa.) discussed 
this paper and pointed out that no assurance 
is offered that the relay will operate on a 
high-speed basis when three-phase flash- 
overs of low arc impedance occur near the 
telay. He believed the problem could not 
be solved until there is developed a direc- 
tional element which will give high-speed 
operation under this condition. 

O. C. Traver (Philadelphia, Pa.) in his 
discussion of this subject remarked that the 
modified impedance relay described in the 
paper was a distinct step in advance over 
previous impedance relays. He agreed 
that, if it is to work selectively, the reactance 
relay must be provided with greater dis- 
criminating power than the impedance type. 
On the other hand he believed that the 
straight impedance type, and to a lesser ex- 
tent the impedance-reactance relay, was apt 
to be too conservative and neglect its duty, 
so reactance would be the preferable func- 
tion. 

W. A. Hillebrand (Barberton, Ohio) in- 
quired, in connection with the use of the 
series condenser as indicated in Fig. 6 of the 
paper, if there would be any inherent objec- 
tion to using a bushing or other potential de- 
vice instead of the series condenser to obtain 
the lead angle. 

R. D. Evans (East Pittsburgh, Pa.) in his 
discussion summed up conditions which pre- 
vail on modern power systems. He ex- 
plained that these conditions create a need 
for the modified impedance relay described 
in the paper. This device while still retain- 
ing its characteristic as an impedance relay 
minimizes the effects of fault resistance. 


Or CircuIT BREAKERS 


Philip Sporn (New York, N. Y.) reported 
that during the past year great improvement 
in breaker and system performance was 
obtained by the use of both the deion grid 
and oil blast explosion chamber breakers. 
Another point which he stressed was the in- 
adequacy of the present standard duty cycle. 
In view of recent developments and tests, 
manufacturers were urged to offer users of 
oil circuit breakers a duty cycle which would 
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be more consistent with actual power system 
operation. 

J. Slepian (East Pittsburgh, Pa.) dis- 
cussed ‘‘The Theory of Oil Blast Circuit 
Breakers’ and disputed several of the princi- 
ples. He explained the useful function of 
an arc by considering what would happen 
should it not form spontaneously when sepa- 
rating a pair of contacts in a power circuit. 
The hydromechanical principles also were 
analyzed as was some of the data; the dis- 
cusser contended that some data given in 
the paper did not support the author’s 
claims. 

E. J. Poitras (Philadelphia, Pa.) answered 
several questions raised in discussion of this 
subject. He explained that the first group 
of tests was made where rates of rise of re- 
covery voltage above 500 volts per microsec. 
were not available. They were not made 
with a view to completely filling in the graph 
and so no effort was made to obtain ab- 
normally low oil velocities. When plotted 
in terms of recovery voltage rate and oil ve- 
locity, each parameter covering a reasonably 
wide range showed the excellent correlation 
of these parameters with success or failure to 
clear the circuit at the first current zero. 
He further explained that while it would 
have been desirable to make tests at all oil 
velocities and recovery rates and for all dif- 
ferent generator voltages, such were not 
deemed advisable because, in circuit inter- 
ruption, recovery voltage rate rather than 
nominal voltage is unquestionably pre- 
dominant, and the making of many tests is 
expensive. 

W. K. Rankin (Philadelphia, Pa.) in his 
remarks referred to the theory of deioni- 
zation by turbulence as compared with the 
closing of the arc path at current zero by a 
fluid dielectric. He believes that the former 
theory bore some weight, even though in the 
case of an arc drawn to considerable length 
in a tank of oil other theories have been pro- 
posed. However, when considering a maxi- 
mum of 1 in. contact separation, and re- 
covery voltage rates of rise from 185 to 800 
volts per microsec. across the contacts, tests 
have proved that the gaseous dielectric 
would not prevent breakdown; therefore he 
concludes that oil which does have sufficient 
dielectric strength is inserted between the 
contacts. 

F. H. Stoppelman read a discussion on 
this subject prepared by C. L. Fortescue 
(East Pittsburgh, Pa.) which referred to 
early experimental work. The results indi- 
cated that something besides length was re- 
quired to quench an are. In fact, as shown 
in the papers by Messrs. Browne, Van 
Sickle, and Leeds, the requirement now is a 
turbulent gas stream across the path of the 
arc. He believed data on the oil blast 
principle would be explained just as well by 
the fact that the gas formation and its turbu- 
lency are functions of the velocity by which 
the oil is introduced into the ionized path 
between electrodes. 

J. B. MacNeill (East Pittsburgh, Pa.) in 
his discussion of circuit breakers drew at- 
tention to the general improvement made in 


these interrupting devices and the reduction 
of the hazards which result from the use of 
oil in these devices. He believes the oil 
blast device operating on one end of the are 
to be most effective for low voltages: how- 
ever, for high voltages he questions its 
ability to produce effective results, and ad- 
vocates the deion grid principle of interpos- 
ing successive increments of are rupturing 
ability as the arc is lengthened by the gases 
which have formed passing transversely 
across the full arc length. 

T. E. Browne, Jr. (East Pittsburgh, Pa.) 
discussed this subject, in his conclusion sub- 
mitting three reasons why it was impossible 
for him to agree with Mr. Prince’s conclu- 
sions. One of these reasons was that as yet 
no detailed picture capable of withstanding 
critical analysis has been presented of the 
mechanics by which the oil film may be 
formed. 


EXTINCTION oF A-C. Arcs 


R. C. Van Sickle discussed this subject 
and pointed out certain differences between 
the functioning of the experimental struc- 
ture described by Mr. Browne and the deion 
grids, which differences should be realized 
when comparing results as they might ex- 
plain why the recovery voltage gradients of 
deion grids are higher. 

J. J. Torok (East Pittsburgh, Pa.) dis- 
cussed this subject and described an experi- 
ment on extinguishing arcs in fiber tubes 
wherein droplets in the tube materially in- 
creased the surface on which ions could be 
collected. He found that the author’s 
treatment of the expulsion fuse substanti- 
ated the theory of the turbulent gases. 

W. A. Hillebrand (Barberton, Ohio) dis- 
cussed this subject also and briefly described 
the Poulsen radio are transmitter. He be- 
lieves that the curves presented by Mr. 
Browne confirm earlier experience with this 
transmitter. He also offered as a possible 
contributing cause for the difference be- 
tween the curves of Fig. 6 for oxygen and 
nitrogen, the fact that free electrons can ex- 
ist in an atmosphere of nitrogen but not in 
an atmosphere of oxygen. 


Instruments and Measurements 


A Power Factor BRIDGE 
oF HIGH SENSITIVITY 


Perry A. Borden (Waterbury, Conn.) dis- 
cussed this subject and described a method 
of balancing out induced voltages in the 
galvanometer coil by the use of a neutral 
inductance in the field circuit; this would 
appear to remove one of the objectionable 
features of the electrodynamic galva- 
nometer. 

J. C. Balsbaugh (Cambridge A, Mass.) 
discussed this subject and told of a modified 
Schering bridge using an amplifier in the de- 
tector circuit offering a precision in power 
factor measurement of 10-8, this modified 
form having been constructed at the Massa- 
chusetts Institute of Technology. When 
all the factors affecting the power factor pre- 
cision of the bridge have been fully investi- 
gated, it is planned to make formal publi- 
cation of this research. In conclusion, the 
discusser pointed out that there were no 
calculations or tests giving the sensitivity or 
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precision of the bridge described in the paper. 

Leo J. Berberich (Paulsboro, N. J.) dis- 
cussed the high accuracy of power factor 
measurements possible when using a bridge 
of the type described in the paper. He gave 
data which showed the excellent agreement 
found between the computed power factor 
of the standard and the power factor as 
measured by the bridges of the type described 
by Doctor Kouwenhoven. It evidenced also 
close agreement between the two bridges 
used at the Johns Hopkins University. 

S. K. Waldorf (Baltimore, Md.) analyzed 
several cases mentioned in this paper, com- 
menting upon the net effect of a reduction of 
specimen size, high humidity conditions, and 
double shielding on the transformer used in 
the galvanometer circuit. He also warned 
those who have occasion to build small high 
voltage air capacitors against the use of 
small plate dimensions, and a spacing of not 
less than five millimeters was suggested. 

One of the points considered by R. P. 
Siskind (Cambridge, Mass.) in his discus- 
sion of this paper was the possible effect 
upon the accuracy of the bridge from the 
presence of harmonics. He explained that 
when a potential sufficiently high was 
applied to the test specimen it would cause 
ionization producing third and other har- 
monics. It was believed that these might 
cause some small error to exist in the bridge. 


INSTRUMENT SPRINGS 


A. B. Smith (Chicago, Ill.) discussed the 
use of the grid glow micrometer mentioned 
in the paper. He told of having previously 
compared the use for detection purposes of 
a 2-watt, 110-volt neon lamp with a radio 
headset. The comparison revealed ad- 
vantages in the use of the receiver, such as 
sensitivity when the resistance was greater 
than 59 megohms. Also with the use of a 
receiver for detection, the eye is left free for 
other observations. 

J. R. Townsend (New York) discussed 
the means of stabilizing instrument springs 
and referred to the work of Sayre, Dalby, 
Scott, and Abbott. He believes the method 
of heating above the service temperature as 
suggested by Messrs. Carson and Mac- 
Gahan, to be a good one. 


AN AUTOMATIC OSCILLOGRAPH 


Wm. G. Walker (Philadelphia, Pa.) told 
of experience at Plymouth Meeting Sub- 
station with a development model and later 
a commercial model of the oscillograph de- 
scribed in the paper. Several suggestions 
advanced by the men maintaining the de- 
velopment model were incorporated in the 
commercial model. Out of 63 operations 
recorded during an interval of 160 days, no 
records were lost through failure of the in- 
strument to function. 


THE PHOTOELECTRIC RECORDER 


P. E. Quiss (Lynn, Mass.) discussed this 
subject and emphasized the sensitivity and 
quick starting features of this apparatus 
which enable it to record values heretofore 
measured only by the use of indicating 
instruments. 

C. W. Mayott (Hartford, Conn.) ex- 
plained that the photoelectric recorder had 
been installed in the load supervising office 
at Hartford. It has been in service for 
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The Engineer President 


WitH SIMPLE CEREMONY this de Laszlo painting of Herbert Hoover— 
Honorary Member of the civil, mining, mechanical, and electrical engineer- 
ing societies and past-president of the American Institute of Mining and 
Metallurgical Engineers—was unveiled February 15, 1932, before a meet- 
ing of the United Engineering Trustees, Inc., held in the Engineering Socie- 
ties Building at 25-33 West 39th Street, New York, N. Y. To this meeting 
were invited the presidents, vice-presidents, secretaries, and boards of 
directors of the four national engineering societies, and a few other espe- 
cially prominent engineers and organization representatives. As chairman of 
the Hoover Medal Board of Award, representing the four engineering 
societies, Dr. Gano Dunn, past-president of the Institute, delivered the por- 
trait to H. A. Kidder, Fellow of the Institute and president of the United 
Engineering Trustees, the organization which will be the official custodian 
of the portrait. 

President Hoover kindly sat for the painting during Christmas week, 1931, 
in response to a request mede jointly by the four national engineering socie- 
ties. The portrait was arranged for at that time in order to take advantage 
of the presence in this country of the internationally known artist, Philip A. 
de Laszlo of London, England.. The portrait of President Hoover, mounted 
in a valuable frame contributed by the artist, now is the joint property of 
the four engineering societies and is to be hung prominently on the east wall 
of the reading room of the Engineering Societies Library ‘where it can be 
seen by engineers and the public alike, and where it may constantly stir to 
pride and emulation the members of the engineering profession. | 


approximately a year and a half. During 
this time the only replacement required was 
the light source bulb. Frequency records 
were obtained in such detail as to be beyond 
the requirements of any present operating 
demands. 

H. A. Rolnick (Philadelphia, Pa.) in- 
quired regarding the smallest angular mo- 
tion of the indicating element to which the 
recorder would respond, and whether or not 
it was dependent on the electrical circuit, 
the optical system, or both. 


Distribution Circuit Lightning Protection 


Harold C. Dean (New York, N. Y.) ex- 
pressed belief that the most important 
contribution made to the industry by the pa- 
pers in this symposium was the proof offered 
that lightning arrester ground leads should 
be connected to the secondary neutral where 
the latter is adequately grounded; he advo- 
cated also the grounding of transformer 
cases to the secondary neutral. It was ex- 
plained that those in the New York Edison 
Company have the philosophy that a known 
hazard is to be preferred to an unknown 
hazard, and they have adopted as a standard 
the grounding of all transformer cases. 

A. H. Schirmer (New York, N. Y.) ex- 
plained that the results obtained from Bell 
system tests indicated that for transformer 
protection an arrester should be placed 
between the primary and secondary. The 
arrester should have a current limiting ele- 
ment so designed that the voltage across the 
transformer windings would be held to a 
value slightly below the impulse strength of 
the transformer. This would hold to the 
lowest practical value the lightning voltage 
on the secondary caused by a surge on the 
primary, and no power voltages of consider- 
able magnitude would appear between the 
secondary circuit and ground. 

F. W. Peek (Pittsfield, Mass.) suggested 
that with an object to devising lightning 
tests the proper technical committees of the 
Institute should review present methods of 
testing. These tests were suggested as a 
supplement to the present tests and not to 
supersede them. This suggestion for con- 
sideration was made after years of experi- 
ence with lightning tests on transformers in 
an effort to devise lightning proof trans- 
formers and also for making lightning tests 
on commercial transformers. These facts 
were mentioned to show that lightning tests 
are entirely practicable. 

A. E. Silver (New York, N. Y.) called 
attention to the change in trend toward the 
objective of lightning protection. He ex- 
plained that in the past, attention to the 
subject of lightning on distribution circuits 
seemed to have centered on the distribution 
transformer and what could be done to pro- 
tect it rather than upon lightning effects on 
service. He commended the authors of the 
paper on the Philadelphia Electric system 
for moving the main objective of their 
studies from the distribution transformer to 
its effects upon service. 

C. L. Fortescue (East Pittsburgh, Pa.) 
analyzed the proposed connection of the 
lightning arrester ground lead to the secon- 
dary neutral as advocated in the papers. 
He believes that the proposed connection 
assured much better protection to the trans- 
former than the old connection, without any 
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increase in hazard to the customer. As 
compared with unprotected transformers, 
he believes the connection gives much better 
protection to the customer because it pre- 
vents high voltage from entering into 
customers’ circuits. Also the hazard of fire 
or personal injury is much greater from high 
voltage power current than it would be from 
any surge likely to pass through into cus- 
tomers’ circuits. 

A. S. Brookes (Newark, N. J.) discussed 
several details in the paper by Messrs. 
Harding and Sprague. He believes the 
analysis might have been made much more 
valuable by a more detailed consideration of 
the circuit distances involved, and if more 
data on the surge current and the circuit de- 
tails were given. He felt that the inter- 
connection of the primary arrester ground 
and the secondary neutral had more merits 
than the results given in the paper indicate. 

J. K. Hodnette (Sharon, Pa.) discussed 
this subject from the standpoint of distribu- 
tion transformer design. He described a 
self-contained, self-protecting transformer 
with gaps inserted between the high-voltage 
and low-voltage leads, and the ground, to 
enable the transformer to withstand many 
surges without injury to the insulation. 
This surge-proof transformer has withstood 
tests approximating service conditions as 
nearly as possible, with surges of various 
magnitudes up to 1,500,000 volts impressed 
upon the excited supply lines. In every 
case the transformer was protected and nor- 
mal voltage was restored without causing so 
much as a flicker in lamps supplied from 
secondary leads of the transformer. 

H. V. Putman (Sharon, Pa.) pointed out 
limitations of the proposed interconnection 
which he believed ought to be given careful 
consideration. He explained why he be- 
lieved the straight interconnection not well 
adapted to installations having a low voltage 
neutral ground connection of high resistance, 
nor to installations without grounds on the 
service lines; nor yet to installations with 
grounded transformer tanks or to three 
phase installations. 

M. G. Lloyd (Washington, D. C.) sum- 
med up results and conclusions of the several 
papers on lightning protection. He ex- 
plained that the committee on protection 
against lightning of the National Fire Pro- 
tection Association for some time has had 
under consideration the advisability of using 
lightning arresters on overhead secondary 
circuits where they enter buildings. This 
would seem necessary only in rural districts 
and where wires enter the building as sepa- 
rate open wires. Since it would be neces- 
sary to interrupt follow current at only 120 
volts, an arrester of cheap construction 
would suffice. 

J. J. Torok (East Pittsburgh, Pa.) dis- 
cussed and carefully analyzed benefits to be 
obtained from the standpoint of personal 
hazard to the customer in the proposed 
interconnection of the lightning arrester 
ground lead and the neutral of the secon- 
dary. He explained that without the 
interconnection a power arc established 
across the transformer terminals would 
raise the secondary leads to primary po- 
tential. This condition would last as long 
as the arc was maintained, probably for 
several seconds. With the interconnection 
the action of the lightning arrester would 


come in at a voltage lower than that at 
which flashover of the transformer bushings 
would occur. Thus the arrester would pre- 
vent 60-cycle power follow or would limit it 
at most to a half-cycle duration. The 
power follow is more dangerous to life than 
the impulse voltages which, although of 
much higher values, are of short duration. 

Edward Beck (East Pittsburgh, Pa.) de- 
scribed tests performed on a circuit set up in 
the laboratory to simulate an energized 
2,300-volt circuit feeding a 110/220-volt 
house circuit with various household appli- 
ances attached. The transformer was pro- 
tected with a 3,000-volt auto-valve arrester 
with the proposed interconnection em- 
ployed. Surges were impressed on the pri- 
mary of magnitudes sufficient to discharge 
800, 1,600, and 3,000 amperes through the 
primary arresters, and cathode ray oscillo- 
grams were made of voltages occurring on 
the secondary system. The ground resis- 
tance was varied fromzero to57ohms. The 
results revealed that the voltages to ground 
of the phase wires and the neutral wire were 
very nearly alike except for the first instant. 
Well over 1,000 surges were impressed and 
only three interruptions to the customers’ 
service occurred. These consisted of blown 
fuses only. From the results obtained it 
was concluded that the interconnection did 
not impair conditions in the secondary 
system. 

K. B. McEachron (Pittsfield, Mass.) dis- 
cussed the proposed interconnection and de- 
scribed a modified form of conventional 
lightning arrester for installation within the 
space available inside the transformer tank. 
The arrester operation is in no way different 
than when applied externally, having the 
same factors of safety and the same relia- 
bility. This construction would have the 
advantages of reducing both installation 
costs and congestion on poles. Reasons, 
the result of experience, were given show- 
ing why gaps were unsuitable. 


General Circuit Theory 


R. D. Evans (East Pittsburgh, Pa.) 
briefly reviewed some of the developments 
which have taken place in general circuit 
theory during the past 20 years. He told 
of any early problem in power system net- 
works which was in connection with the 
supply systems for a-c. railways. This he 
explained was followed by a very important 
step in network theory; namely, the intro- 
duction of the method of symmetrical com- 
ponents by Doctor Fortescue, to make 
possible the solution of unbalanced power 
system networks. He further explained 
that recently the stability problem has made 
it necessary to develop new forms of circuit 
constants in order to facilitate the solution 
of general networks, taking into account not 
only distributed constants but their combi- 
nation with lump constants. In conclu- 
sion, he pointed out that the most striking 
development within the last few years was 
the introduction of the a-c. calculating 
board. This has made possible the solution 
of many problems in a more complete man- 
ner and in less time than heretofore required. 


EQUIVALENT CIRCUITS 
J. W. Butler (Schenectady, N. Y.) illus- 


trated with examples the usefulness of the 
(Continued on p. 276) 
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(Winter discussion continued from p. 274) 
method which Mr. Starr had developed in 
part III of his paper, for setting up several 
simplified equivalent circuits. One ex- 
ample illustrated the simplicity of setting up 
an equivalent single line circuit to represent 
a four winding transformer. 

Edith Clarke (Schenectady, N. Y.) ex- 
plained that the paper on this subject pre- 
sented the general circuit equations for net- 
works in systematic and concise form, with 
methods for measuring and calculating the 
characteristic coefficients. She felt that 
Mr. Starr had made a valuable contribution 
to their solution. She believed also that 
one of the simplifications which will be found 
of advantage, where an a-c. calculating 
table is not available or when greater ac- 
curacy is required than can be secured by its 
use, is that of placing the self-impedance at 
the terminals and not in the mesh of the 
equivalent circuits. 

R. G. Lorraine (Schenectady, N. Y.) dis- 
cussed this subject and believes the paper, 
with its presentation of the general princi- 
ples upon which the development of specific 
equivalent circuits depends, to be a welcome 
addition to the literature on equivalent 
circuits. One of the points which he em- 
phasized was that even though the author’s 
equivalent circuits contain pure reactance 
branches means are available to represent 
them adequately on the a-c. calculating 
table. 

W. A. Lewis (East Pittsburgh, Pa.) found 
several of the equivalent circuits presented 
by the author to be both new and interest- 
ing. He believes a slight error in statement 
appeared on page 5 and again in the footnote 
on page 9, where it was stated that the mu- 
tual impedance between lines is purely re- 
active. It was explained that the mutual 
impedance is due not only to inductive 
coupling but also to the common use by all 
circuits of the earth and ground wires, if 
present. This resistance often may be as 
large in proportion to the mutual impedance 
as the combined resistances of earth circuit 
and conductor is to the zero phase sequence 
self-impedance. Therefore it seldom can be 
neglected unless the accuracy required per- 
mits neglecting all resistances. 

George W. Hampe (Chicago, Ill.) in his 
discussion of this subject referred to previous 
work and the principles stated in 1911 by 
Mr. G. A. Campbell. He explained that 
the complete or lattice mesh, of which Fig. 
1(d) and Fig. 3(b) of the paper are examples, 
could be handled more readily if admittances 
instead of impedances were used to express 
its links. A simple process for finding the 
branches of the complete mesh equivalent 
to the general concealed network was given 
by Mr. Campbell. The discusser gave an 
example of its derivation without the use of 
determinants. 


TRANSIENT OSCILLATIONS 
OF MUTUALLY COUPLED CIRCUITS 


H. L. Rorden (Pittsfield, Mass.) discussed 
this subject and illustrated several points 
of interest with specific calculations based 
on Mr. Bewley’s derivations. A table of 
calculated transients was given listing the 
essential terms for three space harmonics as 
calculated for the given constants, and 
coaclusions drawn from these calculations 
were enumerated. An analogy also was 
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given by comparing the general distributed 
circuit with the lumped constant circuit 
which exhibited similar characteristics. 


Drives for Power Station Auxiliaries 


A. H. Kehoe (New York, N. Y.) told of 
experiences in the New York Edison system 
with both steam and electric drives for 
power station auxiliaries; continuity of 
station output has been obtained with either 
steam or electric auxiliary drive. This has 
been accomplished by supplying steam from 
headers which are provided with sectional- 
izing valves and fed from two or more 
sources, and each essential auxiliary motor 
circuit has its supply available from several 
sources. This system has found some 
saving in installed first cost of auxiliaries 
with electric drive instead of steam, es- 
pecially where the simpler types of motors 
are adaptable. 

I. E. Moultrop (Boston, Mass.) believed 
the papers presented on this problem were 
valuable and timely in bringing to the at- 
tention of the industry the need for more 
suitable and more economical drives. He 
predicted that auxiliary power requirements 
of the stations built in the future probably 
will be considerably in excess of those past 
or present. For high pressure boiler feed 
pumps he favored the use of turbine drive 
because it permits the best pump design, 
and the usual horsepower requirements 
permit a highly economical design. He 
called attention to the lack of satisfactory 
variable-speed a-c. motors, and many other 
interesting points were brought out in his 
discussion of this subject. 

Francis Hodgkinson (Lester, Pa.) em- 
phasized the importance of reliability of the 
drives for the essential power station auxil- 
iaries. He discussed the trend in modern 
power plant design and in particular, stage 
bleeding for preheating, which no longer 
makes the exhaust heat from steam auxil- 
iaries essential. His considerations in ad- 


dition to the statements in the papers led 
generally to a preference for the electric 
drive for all essential auxiliaries except 
boiler feed pumps and fans. 

H. M. Cushing (Buffalo, N. Y.) believed 
the trend of the development was clearly 
depicted in the three papers by Messrs. 
Hollister, Dryer, and Smith. However, he 
believed Mr. Dryer in handling the subject 
of steam driven auxiliaries had made a very 
favorable case for the electric drive. He 
was in agreement with all conclusions in this 
paper except Nos. 1, 5, and 8. It was ex- 
plained that the Huntley Station started 
with a preponderance of steam driven aux- 
iliaries. However, its engineers and operat- 
ing men are now so convinced of the su- 
periority of electric drive that in the new 60- 
cycle steam plant, known as Huntley Sta- 
tion No. 2, it was used exclusively for driv- 
ing the auxiliaries. He explained further 
that the general use of electric drive had 
been delayed by a number of causes and 
pointed out many important features of the 
electrical installation for electric drives. 

F. C. Hanker (East Pittsburgh, Pa.) re- 
viewed the requirement for electric auxiliary 
drives and carefully analyzed the character- 
istics of the available types of apparatus. 
He felt that a great deal of the criticism of 
electric drive was due undoubtedly to the 
effort to apply motors and control developed 
for industrial uses to the more rigorous 
duties imposed by central station condi- 
tions. It was believed that the trend 
toward the unit system of operation should 
permit simplification of both the power 
supply and the auxiliary drive. Compli- 
cations should be avoided in the sources of 
supply; this would simplify the control for 
the auxiliaries as well as minimize the 
duplication of auxiliaries, as is frequently 
done in practise. 

Robert Baker (New York, N. Y.) dis- 
cussed the financial side of this question. 
He believed that comparisons between 
steam and electric .drives for auxiliaries 
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should be made on the basis of between 30 
and 40 per cent capacity factor instead of 
maximum load conditions, as described in 
the paper on electric drives. A comparison 
on this basis would represent more nearly 
the actual operating conditions and would 
probably show a reduced saving. He 
pointed out that no figures were given as to 
the cost of the steam driven equipment re- 
quired for a station using steam driven aux- 
iliaries and that comparisons could be made 
up only on the basis of fuel cost. It was 
explained that comparisons of this nature 
gave only half the picture as an analysis of 
the over-all operating costs of the average 
plant shows that the cost of fixed charges is 
approximately equal to the fuel cost. 

Philip Sporn (New York, N. Y.) believes 
the aim in auxiliary layouts for future power 
plants should be toward further simplifica- 
tion of the power supply and control equip- 
ment. He believes the merits of systems 
were now fairly well recognized so that 
further standardization and simplification 
could take place. The need for a simple, 
sturdy, variable speed a-c. drive, improved 
insulation, and consideration of the use of 
higher voltage motors, were some other inter- 
esting points brought out in this discussion. 

S. M. Dean (Detroit, Mich.) believes that 
the papers give a good summary of the two 
situations so far as the auxiliaries themselves 
were concerned. However, he would like 
to have seen somewhat more complete cost 
data. It was also pointed out that the 
possibilities of d-c. drives should not be 
overlooked. When account is taken of the 
extent to which the station rating is reduced 
(some 5 per cent) the smoothness and ease 
of operation, the absence of serious short- 
circuit problems, etc., it does not compare 
unfavorably with other methods. 

F. M. Stoddard (Cincinnati, Ohio) briefly 
described auxiliary installations at the 
Columbia power station. Power for the 
essential auxiliaries is supplied from shaft 
generators connected to each main turbine 
unit. The non-essential auxiliaries are 
supplied from transformers connected to 
the main bus, and in six years of operation 
there has been no trouble with the auxiliary 
system from loss of auxiliary power or fluc- 
tuation of bus voltage caused by external 
faults. 

F. H. Hollister (Chicago, Ill.) in his dis- 
cussion on this subject showed data on 
several desirable features of the Rossman 
drive which has been in successful opera- 
tion for the past year, driving fans at the 
Powerton station. 


Symposium on Stability 
STANDARD DECREMENT CURVES 


R. G. Lorraine (Schenectady, N. Y.) dis- 
cussed this subject and analyzed the de- 
velopment and use of several of the curves 
presented in the paper. An example 
illustrating their use was given and further 
inspection of them showed that more con- 
fidence could be placed in the use of these 
curves than one would suppose from an in- 
spection of the assumptions made in their 
derivation. 


DECREMENT CURVES FOR SPECIFIC SYSTEMS 


H. B. Dwight (Cambridge, Mass.) dis- 
cussed this paper with particular reference to 
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a method for calculating sustained short- 
circuit currents using Potier reactance. He 
explained that for this calculation the value 
of armature ampere-turns at rated current 
is also required, and this may be obtained 
from the Potier triangle. A certain amount 
of zero power-factor armature current may 
be assumed and the excitation calculated 
using Potier reactance and armature 
ampere-turns. It was further explained 
that since the excitation usually is known, 
the calculation must be repeated with ad- 
justed values of armature current until the 
resulting excitation has the correct value. 
This process seems necessary, and does not 
make the calculation unduly long. 


PROPOSED DEFINITIONS 
OF POWER SYSTEM TERMS 


V. J. Cissna (New York, N. Y.) explained 
the preference for the convention of leading 
reactive power as positive, particularly on 
account of the power-circle diagram. This 
he illustrated with a figure. It was be- 
lieved that in considering leading reactive 
power as negative the convention of the 
power-circle diagram had been troublesome 
to many engineers in that the conventional 
rotation of voltage vectors had been 
violated. 

C. L. Dawes (Cambridge, Mass.) com- 
mented on the committee’s definition of 
lagging reactive power in terms of the 
current delivered by an over-excited syn- 
chronous generator. He believes this to be 
an indirect and unnecessary method of 
defining reactive power and also that it is 
confusing to those who do not have im- 
mediately in mind the excitation char- 
acteristics of synchronous apparatus. Such 
reactive volt amperes he believes could 
have been much more explicity defined as 
the reactive volt amperes taken by an in- 
ductive reactance, and this would be easily 
understood by everyone familiar with alter- 
nating currents. 

C. F. Wagner (East Pittsburgh, Pa.) also 
discussed this question as to whether or not 
inductive reactive power should be plotted 
as a positive or as a negative quantity in 
power circle diagrams. He gave a list of 
references to publications in which induc- 
tive reactive power is considered positive 
and also a list in which it is considered nega- 
tive. These references dated over a period 
from 1910 to 1929, twenty-three authors 
considering inductive reactive power as 
positive while sixteen considered it as nega- 
tive. In addition, authors such as Doctor 
Kennelly, Professor Jackson, and Doctor 
Fortescue, also preferred the use of the posi- 
tive value. Therefore, the discusser be- 
lieves that the inductive reactive power as a 
positive quantity should be adopted as the 
convention. 

Edith Clarke (Schenectady, N. Y.) ex- 
plained that she was in agreement with the 
proposal to consider leading reactive power 
positive and lagging reactive power nega- 
tive. It was explained why voltage is 
chosen as the reference vector in dealing 
with network systems; the currents in the 
branches of the network then give a good 
indication of both active and reactive power 
flow. This correspondence of power and 
current was believed to be of sufficient im- 
portance to justify the proposed convention 
for active and reactive power. 


A. E. Kennelly (Cambridge, Mass.) told 
of the work done by the International 
Electrotechnical Commission and analyzed 
considerations of the question as to whether 
reactive power should be represented by 
P + jQ or P — jQ vector voltamperes. He 
believes the subject committee here should 
transmit a recommendation to the A.I.E.E. 
standards committee as to the choice of 
vector direction so that the standards com- 
mittee may be able to take early appro- 
priate action with a view to renewing inter- 
national proposals. If the reasons given 
for the final choice are cogent, he believes 
they would be likely to meet with indorse- 
ment from our engineering fraternities in 
other parts of the world. 

L. A. Kilgore (East Pittsburgh, Pa.) dis- 
cussed section 4 of this report covering the 
definition of synchronous machine constants 
with particular reference to the effects of 
saturation. He believes the report does 
not offer any simple method of dealing with 
the effects of saturation but leaves its degree 
indefinite. This he thinks might be con- 
fusing when using the constants in prac- 
tical calculations for it appears we must 
have not only a large number of constants 
but different values for various conditions. 
It also will be necessary to state the degree 
of saturation every time a value of the con- 
stant is specified. He recommends from 
the conclusions of previous work, a definite 
and relatively simple means of dealing with 
saturation. 

S. L. Henderson (East Pittsburgh, Pa.) 
believes the report to be a valuable piece of 
work. He suggests that a statement would 
be helpful in covering the particular ma- 
chine constants to be used most often in the 
ordinary study of system performance. For 
example, values of transient, substransient 
synchronous, and negative and zero se- 
quence reactances for the direct axis, to- 
gether with the short-circuit ratio and the 
short-circuit time constant, are sufficient for 
the usual practical case. 


GENERALIZED STABILITY SOLUTION 
FOR METROPOLITAN TYPE SYSTEMS 


R. D. Evans (East Pittsburgh, Pa.) called 
attention to the value of the generalized 
methods given in this paper. He explained 
that the general stability curves given in 
this paper may be used in a manner similar 
to that of the paper ‘Standard Decrement 
Curves’? presented earlier in the session. 
It was predicted that the use of these curves 
together with previous curves developed for 
long distance straightaway transmission 
will lead to the development of similar 
methods for the remaining types of systems 
so that eventually shortcut methods will be 
available for all types of systems. 

Another discussion by S. B. Crary 
(Schenectady, N. Y.) brought out that any 
generalization or simplification of a prob- 
lem which comprises as many factors as a 
transient stability study, must require nu- 
merous assumptions and these limit the 
field of application. Therefore he be- 
lieved that care must be used in applying 
the curves of Figs. 1 and 2 to systems that do 
not conform to the assumptions set forth. 

S. H. Wright (Buffalo, N. Y.) explained 
that when applying the curves presented in 
the paper cases may frequently arise where 
conditions of the system being studied are 
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met by the conditions assumed in preparing 
the curves except in one respect, making it 
desirable to consider the inertia constant as 
an additional ‘index factor.”” This was 
illustrated by an example. 


ELECTRICAL STABILITY OF 
CoNOWINGO HYDROELECTRIC STATION 


R. M. Spurck (Philadelphia, Pa.) dis- 
cussed the last paper to be presented in this 
session. He believed the authors presented 
an excellent and complete paper on the 
analysis and solution of stability problems 
which occurred in connection with the 
operation of this station, both before and 
after the application of high-speed clearing 
equipment to the system. It was brought 
out that the correction of stability problems 
by high-speed circuit clearing also brings 
with it many other benefits, a few of which 
are reduced area of disturbance on the sys- 
tem during faults, reduction in voltage 
dips, and apparatus that requires less 
maintenance. 


Research 


Rapio INTERFERENCE 
From INSULATOR CORONA 


J. W. Upp, Jr. (Baltimore, Md.), dis- 
cussed this subject and he believes that 
over a period of years, insulator manu- 
facturers interested in radio interference 
investigations have found modern insulators 
to be minor offenders. Insulators, he 
thinks, are further along the path of de- 


velopment of radio interference relief 
than most of the other factors involved in 
the manufacture, transmission, and con- 
sumption of electrical energy. 

W. A. Hillebrand (Barberton, Ohio) 
inquired if the author of this paper con- 
sidered his set-up suitable for a standardized 
test set, if he had any changes to recom- 
mend, and if, in his opinion, it had been 
described with sufficient accuracy in his 
papers to permit of its being accurately 
reproduced. 

S. K. Waldorf (Baltimore, Md.) dis- 
cussed several means for corona detection, 
one of which consisted of employing an 
audible corona detector having one or 
two stages of audio frequency amplifica- 
tion designed to accentuate frequencies 
greater than approximately 500 or 1,000 
cycles per sec., and having a radio headset 
or loud speaker in the output. With this 
type of detector, even the presence of a 
small amount of corona is accompanied 
by a loud buzzing sound in the telephone or 
loud speaker. He also explained that it 
may be desirable in some cases to connect 
the input resistance of the corona detector 
in the grounding circuit of the insulator 
suspension or pin. 

J. B. Whitehead (Baltimore, Md.) 
discussed the experimental method used 
in the paper with reference to balancing 
out the charging current of the high voltage 
circuit, the adjustment being made before 
corona forms. He explained that it is 
well known, however, that the presence 
of corona, owing to space charge forma- 


tion, introduces important changes in the 
value of the geometric capacitance. It 
was believed that this fact might explain 
some of the irregularities in the records 
and have a bearing on the differences ob- 
served as between the negative and positive 
half-cycles. 

Another discussion of this subject by 
A. C. Seletzky (Cleveland, Ohio) suggested 
that in view of the varying results ob- 
tained, a quantitative method of detecting 
the initial presence of corona should be 
used, as it would give more consistent 
results. Such a method he believes would 
be able to detect corona in parts of the 
insulator which are difficult, if not im- 
possible, to observe accurately by visual 
means, even under the most favorable 
conditions and a darkened room. 


PREDETERMINATION OF 
A-C. BEHAVIOR OF DIELECTRICS 


H. H. Race (Schenectady, N. Y.) dis- 
cussed this subject and it is his belief that 
the paper presents some very interesting 
data but it does not suggest a physical 
explanation of the results. He was par- 
ticularly interested in Fig. 5, because the 
variations of capacitance and loss with 
frequency are similar to corresponding 
curves calculated using a very definite 
physical picture; namely, Debye’s theory 
of polar molecules. An analysis and com- 
parison of the two theories were made 
which led to several more general and 
interesting conclusions. 
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78 passenger cars has been placed [with the York Ice Machinery 
Corporation of York, Pa.] by the Baltimore & Ohio Railroad, 
pioneer in train air-conditioning. The new equipment, like that 
employed in the initial installation, is self-contained in each car 
to permit flexibility of operation. Power for driving the equip- 
ment is obtained from a newly developed three-brush generator, 
axle driven through a special gear and pulley arrangement, and a 
new high-capacity storage battery. Refrigeration is carried out in 
a closed cycle. The refrigerating unit consists of a compressor, 
specially designed for use with Freon gas (dichloro-difluoro-methane) 
and driven by an electric motor with both high and low pressure 
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non-corrosive, non-combustible, and non-inflammable refrigerant 
which may be used in equipment passing through tunnels without 
any serious hazard to health. The new equipment is said to have 
50 per cent increased capacity, but to require less space than that 
used by the B & O in their original installation. Either an air- 
cooled or cooling-tower liquifier may be used, depending upon 
operating conditions; identical results are expected with either 
type. The accompanying illustration shows a typical passenger 
car installation, in which may be noted the arrangement of equip- 
ment and air passages. The entire system is controlled from a 
push-button station near one end of the car. 
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Another discussion by F. M. Clark 
(Pittsfield, Mass.) told of determining 
the relative a-c. characteristics of 5-kva. 
oil-filled capacitors by means of the so- 
called d-c. leakage. This appears to be of 
greater value than insulation resistance 
measurements, but the work was not 
carried sufficiently far to predict success- 
fully the power factor from the leakage 
results obtained; however, it was believed 
that this could be done. 

W. A. Del Mar (Yonkers, N. Y.) also 
discussed this subject and brought out the 
fact that the practical control of power 
factor of impregnated paper now lies with 
the paper tests, where formerly it was 
essentially a matter of oil resistivity. This 
change occurred when manufacturers 
changed their paper from manila to wood 
pulp, and oil from petrolatum to cylinder 
oil. He believes that the practical problem 
has long since been solved, but it would be 
interesting to have the authors explain 
these facts in the light of their admirably 
developed theories. 


BREAKDOWN OF GLASS 
WitH ALTERNATING POTENTIALS 


J. B. Whitehead (Baltimore, Md.) dis- 
cussed this paper and found it difficult to 
accept the suggestion of Moon and Nor- 
cross, and now of these authors, that the 
intermediate stage of breakdown should 
follow a definite law. 

W. A. Del Mar (Yonkers, N. Y.) dis- 
cussed the authors’ contention that three 
distinct regions of dielectric failure, in- 
stead of two, exist with alternating currents. 
He believes that the authors in justice to 
their thesis should give Fig. 4 with the 
experimental points plotted. 

W. A. Hillebrand (Barberton, Ohio) dis- 
cussed the nature of glass, the material 
used in these tests. He explained that 
glass is a physical solution, an electrolyte, 
the constituents of which are ionized, 
and that it has the high negative tempera- 
ture coefficient of resistance characteristic 
of electrolytes. Furthermore, some of its 
physical properties are indefinite. There- 
fore, the discusser did not believe it was 
impossible that there should be a region of 
dielectric breakdown intermediately be- 
tween the disruptive and thermal regions 
partaking of the nature of both and repre- 
senting a transitional stage. 

Another discusser, F. M. Clark (Pitts- 
field, Mass.) also drew attention to the 
nature of the material used. He believes 
that the conclusions drawn by the authors, 
even if accepted, should be limited carefully 
to glass of the type under discussion which 
also should be more clearly described than 
it was in the paper. 


MAGNET STEELS 


This subject was discussed by W. A. 
Codd (Rochester, N. Y.) who _ believes 
that the paper checks experimentally Ever- 
shed’s criterion of magnetic quality for 
magnet steels and apparently offered a 
considerably simplified design method in the 
nomogram presented. The discusser also 
inquired in detail about many points in this 


paper. 


Editor’s Note: The remainder of these summaries 
of winter convention discussions is scheduled for 
inclusion in the May 1932 issue of ELECTRICAL 
ENGINEERING. 
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Executive Committee 
of Institute Meets 


A meeting of the executive committee of 
the American Institute of Electrical Engi- 
neers was held at Institute headquarters, 
New York, N. Y., on Wednesday, March 
9, 1932, in place of the regular March meet- 
ing of the board of directors. 

Present were: C. E. Skinner, chairman, 
and H. P. Charlesworth, J. Allen Johnson, 
W. S. Lee, F. W. Peek, Jr., W. I. Slichter, 
and C. E. Stephens, of the committee, 
and Assistant National Secretary H. H. 
Henline. 

Resolutions were adopted in memory of 
the late National Secretary F. L. Hutchin- 
son and Past-President Harold B. Smith, 
as published elsewhere in this issue. 

Resolutions were adopted, authorizing 
and empowering H. H. Henline, assistant 
national secretary, to perform all of the 
duties of the office of national secretary 
until further order of the executive commit- 
tee or the board of directors. 

Approval was given to actions taken by 
the board of examiners at its meeting of 
March 2, 1932; and upon the recommenda- 
tion of the board of examiners the following 
actions were taken upon pending applica- 
tions: one applicant was elected to the 
grade of Fellow and two were transferred to 
the grade of Fellow; two applicants elected 
and 21 transferred to the grade of Member; 
218 Associates elected; 99 Students en- 
rolled. 

The approval by the finance committee 
for payment of monthly bills amounting 
to $28,519.97 for January and $25,729.56 
for February was ratified. 

The assistant national secretary reported 
that upon being advised of the action of the 
board of directors in January, calling for a 
reduction in the expenses of the meetings 
for the remainder of the year 1932, the execu- 
tive committee of the Southern District 
(No. 4) had voted to cancel the District 
meeting scheduled to be held in Memphis, 
Tenn., in November, 1932, with the idea 
that a meeting will be held the latter part 
of 1934 instead. 

Appointment by the president of the 
following committee of tellers to canvass 
and report upon the ballots cast in the 1932 
election of Institute officers, was confirmed: 
J. T. Wells, chairman, L. B. Bogan, H. B. 
Ely, C. S. Purnell, G. J. Read, R. H. Twiss, 
and Ernst Volckmann. 

The resignation of J. C. Parker as a repre- 
sentative of the Institute on the standards 
council of the American Standards Associa- 
tion was presented, and the president was 
authorized to appoint a representative for 
the unexpired term of Mr. Parker, ending 
December 31, 1932. 

Col. W. B. Jackson was appointed a 
representative of the Institute on the Com- 
mission of Washington Award, for the 
2-year term beginning June 1, 1932, to suc- 
ceed Prof. C. F. Scott, whose term expires at 
that time. Appreciation of the services ren- 
dered by Professor Scott in this capacity 
over a long period of years, was expressed. 

The president was empowered to nomi- 
nate for appointment by the president of 
the National Academy of Sciences, a repre- 
sentative of the Institute on the division of 
engineering and industrial research of the 


National Research Council, for the 3-year 
term beginning July 1, 1932, to succeed 
F. W. Peek, Jr., whose term expires at that 
time and who is ineligible for immediate 
reappointment. 

Upon recommendation of the committee 
on education, it was voted to endorse the 
activity of the Society for the Promotion of 
Engineering Education in its summer schools 
for engineering teachers. 

An invitation from the National Academy 
of Sciences to be represented by a delegate 
at the celebration of the one hundredth 
anniversary of the electrical discoveries of 
Joseph Henry, on the evening of April 25, 
1932, in Washington, D. C., was accepted, 
and the president was authorized to appoint 
a delegate. 

It was also voted to accept the invita- 
tion to send a representative to the cele- 
bration, on April 11, 1932, of the opening 
of the new patent office in Washington. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of ELECTRICAL ENGINEERING. 


Doctor Langmuir Receives Science Award. — 
The annual award of $10,000 offered by 
Popular Science Monthly, this year went to 
Dr. Irving Langmuir, physicist, chem- 
ist, and associate director of the research 
laboratories of the General Electric Com- 
pany. The following institute members 
were among the committee of eminent 
engineers and scientists which chose Dr. 
Langmuir: Dr. F. B. Jewett (A’03, F’12) 
vice-president of the American Telephone 
and Telegraph Company, chairman; Dr. 
C. F. Kettering (A’04, F’14) president and 
general director of the General Motors re- 
search laboratories; Dr. S. M. Kintner 
(A’02, M’03) vice-president of the West- 
inghouse Electric and Manufacturing Com- 
pany; Dr. R. A. Millikan (M’22) chair- 
man of the executive council, California 
Institute of Technology; Philander Norton 
(A’11) assistant to the president, Bell Tele- 
phone Laboratories; and Dr. Willis R. 
Whitney (A’01) vice-president and direc- 
tor of research of the General Electric Com- 
pany. 


A.A.A.S. and Associated Societies to Meet 
at Syracuse.—Following the custom estab- 
lished last year of holding annually a sum- 
mer meeting of truly national character, 
the American Association for the Advance- 
ment of Science, together with associated 
societies, will hold their second annual sum- 
mer meeting in Syracuse, N. Y., June 20- 
25, 1932. Syracuse University will act 
as host for the meeting. Dean H. P. Baker 
of the College of Forestry has been ap- 
pointed chairman of the steering committee 
and has organized the various committees 
which are to function in making the stay of 
the 2,000 scientists, who it is expected will 
attend the meetings, a pleasant one. The 
facilities at Syracuse University have been 
found suitable as a meeting place for such a 
large group. In addition to the hotels, Uni- 
versity accommodations will be available for 
housing the visitors during the week of the 
convention. Visiting scientists will be able 
to make excursions to any points of interest 
in the vicinity, and guides will be furnished 
for the various trips. 
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Post-College Education 


Popular With Chicago Engineers 


F OR NEARLY three years the educational 
committee of the Chicago Section of the 
Institute has been actively promoting the 
post-college education of engineers in that 
district. Prof. Edward Bennett, chairman 
of the Institute’s committee on education, 
set forth the case for post-college education 
for engineers in his article in the JOURNAL 
of the Institute for April 1929, p. 310, and 
R. F. Schuchardt, then president of the 
Institute, gave further encouragement to the 
idea in his editorial on p. 259 of the same 
issue. The annual report of the committee 
on education under Professor Bennett’s 
chairmanship was given in the JOURNAL for 
September 1929, p. 677, and amplifies the 
importance of stimulating interest in the 
systematic continuation of engineering edu- 
cation after college. 

The Chicago Section actively took up the 
work of post-college education among engi- 
neers and has obtained surprisingly success- 
ful results. A progress report on activities 
of the education committee of this Section 
has been prepared by Burke Smith, chair- 
man, and should be of interest to other 
Sections. The paragraphs following are 
taken from Mr. Smith’s report: 

An education committee for the Chicago 
Section was appointed in the summer of 1929 
and has continued to function since that 
date. The committee at that time had no 
data to guide it, since no educational work of 
the nature here considered was being done 
by any engineering organization in Chicago. 
A questionnaire was sent to the membership 
requesting a reply from those members who 
would be interested in continuing their 
education by attending evening classes or 
lectures along certain specified technical 
lines. Out of some 1,200 members, replies 
were received from approximately 100, a 
rather meager response which in the light of 
the success of all courses offered indicates 
that questionnaires are of value only in so 
far as they are indicative of choice between 
different courses. 

As a result of a preliminary study of the 
situation by the committee, the following 
conclusions were reached: 


1. It appeared to be worth while to arrange for 
educational courses to be offered in the evening, 
a fee to be charged covering the cost of instruction. 


2. While it is recognized that cultural subjects are 
of great value and interest to practising engineers, 
such subjects are offered by various educational 
institutions in Chicago or by correspondence 
courses and there appeared tc be no need, therefore, 
for the Institute to arrange for courses of this 
nature. 


3. It was felt that due to the limitations of the 
present 4-year engineering curriculum, practising 
engineers would be interested in technical subjects 
of a somewhat advanced nature which would sup- 
plement their undergraduate work. 


4. In addition to the need for formal classroom 
work in advanced subjects, it was assumed that 
there is also a desire for lectures covering recent 
developments in physical science which would 
enable practising engineers to keep in touch with 
contemporary scientific progress. 


5. It was proposed that any courses offered should 
be administered by an educational institution rather 
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than by the Institute, thus relieving the Institute of 
the responsibility for arranging for instructors or 
lecturers, determining the form in which the subject 
matter should be presented, collecting fees, etc. 


After a program of courses had been 
planned, it was decided to invite other 
engineering organizations in Chicago, such 
as the Western Society of Engineers and the 
Chicago Section of the Institute of Radio 
Engineers to join, so that a larger number 
of engineers might be interested and the 
enrolment in any courses offered might be 
increased correspondingly. 

In accordance with the above policy, the 
following courses were offered, beginning in 
January 1930: 


1. Engineering Economics. Classroom instruction, 
one session each week for ten weeks. This course 
was given by Armour Institute of Technology under 
the direction of Prof. E. H. Freeman; fee for the 
course, $10. 


2. A lecture series on recent developments in elec- 
tron physics and electrochemistry consisting of ten 
evening lectures, one per week, by members of the 
staff of the University of Chicago; fee for the series, 
$5. The following subjects were covered: the na- 
ture of the electron, the nature of heat, the nature of 
light, cosmical matter, molecular spectra and 
molecular structure, the arrangement in solids, 
modern theories of strong electrolytes, the electron 
in organic chemistry, the Werner coordination 
theory, and atomic species, isotopes and radio- 
activity. 


The registration in engineering economics 
proved to be so large, 126 persons, that it 
was necessary to divide the class into two 
sections. Early in the fall of 1930 arrange- 
ments were made with Armour Institute of 
Technology to repeat the course, and a sec- 
ond class was organized with a registration 
of 39. 

The registration in the lecture series on 
recent developments in electron physics and 
electrochemistry was 290. In view of the 
evident interest in these lectures an addi- 
tional series of three lectures on electronics 
and three lectures on the theory of conduc- 
tors and dielectrics was offered beginning 
in October 1930 and covering the following 
subjects: 


Classical electron theory and positive rays, modern 
conceptions of the electron, television and the elec- 
tron, conduction in gases, conduction in liquids and 
solids, and conduction in dielectrics 


The registration for the first three lec- 
tures was 355 and for the last three, 208. 
The fee for each series of three lectures 
was $1. 

The total number of registrations for the 
courses offered during the calendar year 
1930 amounted to 1,018. 

Activities during 1931 consisted of the 
following, all offered by the University of 
Chicago: 


1. A classroom course in transient phenomena and 
advanced circuit theory offered in January in con- 
nection with the evening school which the Uni- 
versity maintains in the downtown district of 
Chicago. The registration was 43, and the regular 
tuition fee of $12.50 for 12 weeks was charged. The 
University of Chicago does not have an engineering 
school, but arrangements were made to secure Prof. 


E. B. Paine of the University of Illinois as instruc- 
tor. 


2. A classroom course in modern circuit theory 
beginning in October and continuing for 24 weeks. 
The registration was 40, and the regular tuition fee 
of $25 charged. 


3. A series of three lectures on acoustics given in 
October. Registration, 210. Fee for the series, 
$1.50. 


All of the above courses were open to any 
who cared to register for them and were 
offered with the cooperation of the Chicago 
Section of the Institute of Radio Engineers 
and the Western Society of Engineers. From 
28 to 38 per cent of those who attended were 
members of the Institute. 

The question of fees was discussed with 
the educational institutions and the amount 
to be charged for each lecture series was de- 
termined on the basis of meeting expenses 
with the expected enrolment. It was under- 
stood that if expenses were not covered by 
the fees in the initial courses the Institute 
would share with the educational institu- 
tions in making up the deficit. For the 
classroom courses offered by the University 
of Chicago, it was understood that none 
would be given if a sufficient number of stu- 
dents was not enrolled at the first meeting to 
make it possible to meet expenses. Those 
who had not been enrolled previously in the 
University were charged a matriculation fee 
for these courses. 


CONCLUSIONS 


Based on the record of a registration of 
over 1,000 in the courses which were offered 
during 1930, and a continuation of interest 
during 1931, there can be no doubt that 
under the conditions existing in Chicago 
there is a desire for post-college evening 
courses of the following general nature: 


1. Classroom work covering advanced subjects such 
as are usually given in resident post-graduate 
courses in mathematics, physics, and engineering 
subjects. ; 


2. A connected series of lectures on selected topics 
in the physical sciences, given by specialists and 
designed to enable graduates to keep up with con- 
temporary advances in these fields. 


The question arises as to whether the de- 
mand for educational courses of the type de- 
scribed will continue. It seems that this will 
depend upon how well the local education 
committee succeeds in interpreting and put- 
ting into effect the wishes and needs of the 
members. Evening instruction in engineer- 
ing subjects of an undergraduate level is not 
anew idea. That evening instruction of an 
advanced nature can be offered successfully 
over a period of years is shown by the ex- 
perience of the Chicago Section of the Amer- 
ican Chemical Society, which since 1923 has 
provided for its members instruction in ad- 
vanced courses in chemistry, with results 
which have been uniformly successful. A 
description of this project is given in an 
article by Arthur Guilladeau and W. V. 
Evans in the Journal of Chemical Education 
for November 1928. Another example is 
that of the Polytechnic Institute of Brook- 
lyn which for a number of years has main- 
tained evening classes in engineering sub- 
jects of graduate level. 

It is believed that if a definite sequence of 


courses is laid out requiring two or three 
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years for completion, there will be many 
engineers who will wish to enroll for the en- 
tire series. Such a sequence may be selected 
easily although obviously the particular 
courses which may be offered will depend 
upon the possibility of arranging for in- 
structing personnel. 

Following is a brief list of subjects which 
might form the nucleus of such a sequence. 
Many of these subjects are now offered as 
resident advanced courses in our larger engi- 
neering schools and universities. Some are 
more suitable for classroom work and others 
for a lecture series. The list of course could 
be greatly extended: 


Engineering economics, differential equations for 
engineers, vector analysis with engineering applica- 
tions, electric wave theory, Heaviside’s operational 
calculus with applications, transient phenomena and 
advanced circuit theory, advanced theory of elec- 
trical machinery, theory of vacuum tubes and their 
circuits, acoustics, modern theories of magnetism, 
conduction of electricity through gases, modern 
theories of the electron, theory of conductors and 
dielectrics, the photoelectric effect, and the quan- 
tum theory of radiation. 


Where facilities for experimental work and 
credit toward an advanced degree can be 
offered in connection with evening work a 
larger number of students will be attracted. 
Such facilities are available to evening stu- 
dents in only a few of the larger centers, 
however, and in most cases the instruction 
must of necessity be theoretical. In this 
connection it is possible that reading courses 
or a reading list service covering advanced 
subjects for the guidance of those engineers 
who do not live within easy reach of educa- 
tional centers would be welcomed. At least 
one large university is now offering such a 
service to its alumni to enable them to fol- 
low a systematic course of reading in fields 
in which they are particularly interested. 
Results in Chicago to date indicate more 
interest in courses in pure science than in 
advanced engineering subjects. 

It is well known that many industrial 
organizations offer technical training to their 
employees either in cooperation with the 
universities or as instruction courses under 
the direction of their own staffs. Such train- 
ing is usually along special lines pertaining 
to the particular industry and does not sup- 
ply the need for more fundamental courses 
or for work leading to an advanced degree. 
The educational activities of industrial or- 
ganizations should supplement rather than 
conflict with any program which may be set 
up by the Institute Sections. 

An educational program is a joint under- 
taking and in order to be successsful the 
responsibility for it must be shared by both 
the educational institutions and the engi- 
neers. There is ample evidence that the 
colleges and universities are alive to the 
situation and are willing to do their part. 
Now, therefore, is an opportune time for the 
Sections, through their education com- 
mittees, to take the lead in making known 
their needs and developing plans to satisfy 
these needs in cooperation with the uni- 
versities. 

In conclusion, it may not be amiss to take 
stock of the results which may be expected 
to accrue over a period of years from a 
systematic educational program such as is 
here outlined: 


1. The cooperation of educational institutions and 
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engineering societies will result in a closer affiliation 
of all the groups concerned. 


2. The engineers individually and the industries in 
which they are employed will gain from the further 
training and broader outlook of those who partici- 
pate. 


8. An increased appreciation of the value of the 
Institute to members and non-members alike will 
result. 


In view of the evident desire on the part of 
practising engineers for a continuation of 
engineering education, and the future possi- 
bilities in this field, the statement from the 
report of the committee on education which 
was quoted at the beginning of this article 
does not seem to over-emphasize the im- 
portance of the movement and the need for 
adequate provision for a program of post- 
college education. 


M.LT. Plans New 
Division of Studies 


The distribution of its curriculum into 
five distinct branches, namely, school of 
science, school of engineering, school of 
architecture, division of humanities, and 
division of industrial cooperation, was an- 
nounced March 10, 1932, by Dr. Karl T. 


Compton, president of Massachusetts Insti- 
tute of Technology. The following ap- 
pointments have been made accordingly: 
Dr. Vannever Bush (A’15, F’24) a member 
of the faculty of electrical engineering since 
1923, vice-president and dean of engineer- 


ing; Dr. Samuel C. Prescott, dean of 
science; Prof. William Emerson, dean of 
architecture. 


Doctor Compton is quoted as having 
stated that this new plan is a natural exten- 
sion of an administrative plan started two 
years ago in the appointment of a chairman 
of the corporation and a president of the 
M.1.T. The new subdivision recognizes 
the five major aspects of the work, the three 
schools comprising those departments in 
which degrees are given, and the two di- 
visions, essentially for ‘service’ purposes, 
to give the students the benefit of a further 
cultural training and background deemed 
essential to a well-balanced training, and 
designed to make as effective as possible the 
assistance which the M.I.T. desires to 
render in various ways in solving the tech- 
nical problems of business and industry. 

What is counted an important feature of 
this new plan is definite recognition of the 
graduate school. With every evidence that 
this work is becoming relatively more and 
more important, it has seemed advisable 
to provide more adequately for its con- 
structive administration through the estab- 
lishment of a graduate school embracing 


The Engineer—a Parable 


ONE DAY three men, a Lawyer, a Doctor, 
and an Engineer, appeared before St. Peter 
as he stood guarding the Pearly Gates. 

The first man to step forward was the 
Lawyer. With confidence and assurance, 
he proceeded to deliver an eloquent ad- 
dress which left St. Peter dazed and be- 
wildered. Before the venerable Saint 
could recover, the Lawyer quickly handed 
him a writ of mandamus, pushed him aside, 
and strode through the open Portals. 

Next came the Doctor. With impressive, 
dignified bearing, he introduced himself: 
“lam Dr. Brown.’ St. Peter received him 
cordially. ‘‘l feel | know you, Dr. Brown. 
Many who preceded you said you sent 
them here. Welcome to our City!” 

The Engineer, modest and diffident, had 
been standing in the background. He now 
stepped forward. “‘l am looking fora job,” 
he said. St. Peter wearily shook his head. 
“I am sorry,” he replied; “we have no 
work here for you. If you want a job, you 
can go to Hell.’’ This response sounded 
familiar to the Engineer, and made him feel 
more at home. “Very well,” he said; “‘ 
have had Hell all ey life and | guess | can 
stand it better than the others.’’ St. Peter 
was puzzled. “Look here, young man, 
what are you?” “| am an Engineer,’ was 
the reply. ‘Oh yes,’’ said St. Peter; “Do 

ou belong to the Locomotive Brother- 
ood?” “No, | am sorry,” the Engineer 
responded apologetically; ‘lama diferent 
kind of Engineer. ‘| do not understand,” 
said St. Peter; ‘“‘what on Earth do you do?” 
The Engineer recalled a definition and 
calmly replied: “| apply mathematical prin- 
ciples to the control of natural forces.’ 
This sounded meaningless to St. Peter, and 
his temper got the best of him. “Young 
man,” he said, ‘‘you can go to Hell with 


our mathematical principles and try your 

and on some of the natural forces there!” 
“That suits me,’ responded the Engineer; 
“lam always glad to go where there is a 
tough job to tackle."’ Whereupon he de- 
parted for the Nether Regions. 


And it came to pass that strange reports 
began to reach St. Peter. The Celestial 
denizens, who had amused themselves in 
the past by looking down upon the less 
fortunate creatures in the Inferno, com- 
menced asking for transfers to that other 
domain. The sounds of agony and suffer- 
ing were stilled. Many new. arrivals, 
after seeing both places, selected the 
Nether Region for their permanent abode. 
Puzzled, St. Peter sent messengers to visit 
Hell and to report back to him. They 
returned, all excited, and reported to St. 
Peter: 


“That Engineer you sent down there,’ 
said the messengers, ‘has completely trans- 
formed the place so that you would not 
know it now. He has harnessed the Fiery 
Furnaces for light and power. He has 
cooled the entire place with artificial re- 
frigeration. He has drained the Lakes of 
Brimestone and has filled the air with cool 
perfumed breezes. He has flung bridges 
across the Bottomless Abyss and has bored 
tunnels through the Obsidian Cliffs. He 
has created paved streets, gardens, parks 
and playgrounds, lakes, rivers, and beauti- 
ful waterfalls. That Engineer you sent 
down there has gone through Hell and has 
made of it a realm of happiness, peace, and 
industry!” 


By D. B. Steinman, President of the New York State 
Society of Professional Engineers, and Past-President 
of the American Association of Engineers. Reprinted 
from “The American Engineer’ for January 1932. 


engineering, science, and architecture. 
Notwithstanding this new subdivision, how- 
ever, the faculty as a whole will continue 
to be the final authority in matters of educa- 
tional procedure. The new organization 
provides for an administrative council, an 
informal organization which will hold 
weekly meetings in order to keep fully in- 
formed of the progress of various depart- 
ments. This council will consist of Presi- 
dent Compton, Vice-President Bush, mem- 
bers of the executive committee, Dean Pres- 
cott, Dean Emerson, the president of the 
alumni association, the chairman of the 
faculty, the director of the division of in- 
dustrial cooperation, the deans of graduate 
students and students, and the bursar. 


To Institute Members 
Planning Trips Abroad 


Members of the Institute who contem- 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had 
reciprocal arrangements with a number of 
foreign engineering societies for the ex- 
change of visiting member privileges, 
which entitle members of the Institute 
while abroad to membership privileges in 
these societies for a period of three months 
and members of foreign societies visiting the 
United States to the privileges of Institute 
membership for a like period of time, upon 
presentation of proper credentials. A form 
of certificate which serves as credentials 
from the Institute to the foreign societies 
for the use of Institute members desiring to 
avail themselves of these exchange privileges 
may be obtained upon application to Insti- 
tute headquarters, New York. The mem- 
bers should specify which country or 
countries they expect to visit, so that the 
proper number of certificates may be pro- 
vided, one certificate being addressed to only 
one society. 

The societies with which these reciprocal 
arrangements have been established and 
are still in effect are: Institution of Elec- 
trical Engineers (Great Britain), Société 
Frangaise des Electriciens (France), Associa- 
tion Suisse des Electriciens (Switzerland), 
Associazione Elettrotecnica Italiana (Italy), 
Koninklijk Instituut van Ingenieurs (Hol- 
land), Verband Deutscher Elektrotechniker 
E. V. (Germany), Norsk Elektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen (Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotech- 
nicky Svaz Ceskoslovensky (Czechoslova- 
kia,) The Institution of Engineers, Australia 
(Australia), Denki Gakkwai (Japan), and 
South African Institute of Electrical En- 
gineers (South Africa). 


Touring Arrangements for I.E.C. Con- 
gress.—For those going to the International 
Electrical Congress to be held this summer 
in Paris, France, provisions have been made 
with Thomas Cook & Son to provide trans- 
portation arrangements for those desiring to 
avail themselves of this service. According 
to the best information available, the con- 
gress will open Monday, July 4, 1932, and 
close July 12. Accordingly, Thomas Cook 
& Son thinks that the Cunard liner “‘S. S. 
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Franconia,” leaving New York, N. Y., June 
24 and due to arrive at Havre, France, July 
2, will be the most convenient and satisfac- 
tory vessel for such a party, and it already 
has reserved some space on this boat. The 
services of this organization also will be 
available for arranging subsequent tours 
in Europe, and to assist in securing pass- 
ports, and supplying travelers’ checks. In- 
quiries should be addressed to Thomas Cook 
& Son, either in Boston, New York, or other 
convenient cities, as early as possible. 


Dr. W. D. Coolidge Receives Washington 
Award.—Following a dinner and reception 
February 24, 1932, at the Hotel Sherman, 
Chicago, Illinois, Dr. W. D. Coolidge 
(A’10) associate director of the research 
laboratory of the General Electric Company 


of Schenectady, N. Y., was presented the 
Washington Award for 1932, ‘‘in recognition 
of devoted, unselfish, and preeminent ser- 
vice in advancing human progress.’’ Doc- 
tor Coolidge is to be the eleventh so honored 
by the award commission, the first presenta- 
tion being to President Hoover in 1919. 
Dr. H. W. Chase, president of the University 
of Illinois, delivered the principal address of 
the evening, evaluating the importance of 
research in the present social order. Pre- 
sentation of the award was made by F. D. 
Chase, president of the Western Society of 
Engineers, which administers this award 
founded 16 years ago by John Watson 
Alvord. A personal item containing news of 
this award to Doctor Coolidge was given in 
ELECTRICAL ENGINEERING for March 1932, 
p. 210-1. 


Detter to the Edisor 


Discussion of 


“ELE.” Articles Invited 


Institute members and subscribers hereby 
are invited to discuss in these columns any 
of the articles appearing in ELECTRICAL 
ENGINEERING. Because of the many letters 
received, it is not feasible to publish all, but 
an endeavor will be made to include those 
which appear to be of the most general 
interest. The shorter letters in general are 
more popular; hence conciseness is a desir- 
able quality in all cases. ELECTRICAL ENGI- 
NEERING reserves the right to publish letters 
either in full or in part. 


Edison's 
Self-Consistency 


To the Editor: 

With all that we are saying and reading 
about our beloved Edison these days, a 
thought came to me that is quite different 
from those which I have heard expressed by 
any one. Others may have had it and not 
expressed it, fearing that it was pointing 
out a limitation in his efforts, and ability. 
To me, it shows his strength of character 
and good judgment. 

At this time, when all his admirers are 
vying with each other in telling of his in- 
numerable accomplishments, it may seem 
disrespectful to point out a field of electri- 
cal endeavor that he consistently avoided. 
Edison unquestionably appreciated that to 
succeed in any line even he must be en- 
thusiastic, and his early commercial fight 
with those who pioneered in a-c. develop- 
ment naturally left him without enthusiasm 
in this direction. 

A lesser mind, as the commercial possi- 
bilities of alternating current rapidly de- 
veloped, would have been tempted to join in 
the effort and thus share in the commercial 
rewards. Not so for Edison, who was al- 
ways true to himself. The pioneer inven- 
tors and engineers who were working with 
a-c. generators, motors, and transformers 
would have had a formidable competitor 
in Edison had he decided to enter this field. 


He evidently decided that he had abundant 
opportunities elsewhere. 

Is there not in this a lesson teaching the 
young engineer to select, if possible, lines 
of work that appeal to his enthusiasm rather 
than some that give perhaps better im- 
mediate prospect of higher financial re- 
turns? One must obtain unusual results to 
get superior rewards and such results are 
seldom attained without the assistance of 
enthusiasm. 

Very truly yours, 
WALTER S. MOODY (F’12) 
(Consulting Electrical Engineer, 
155 Dawes Ave., Pittsfield, Mass.) 


Diversification 
in Articles Commended 


To the Editor: 

The letter of protest tendered by Mr.. 
F. G. Strong of Wethersfield, Connecticut, 
against the article ‘“Nerve Injuries from 
Electric Shock,’’ and appearing in ELEc- 
TRICAL ENGINEERING (Feb. 1932, p. 138) 
is at once a concentrated source of astonish- 
ment and argument to me. 

This attitude seems to fortify the im- 
pression gained by me during the past two 
years that ELECTRICAL ENGINEERING and 
its predecessor, the JOURNAL of the A.J.E.E, 
caters primarily to the power aspects of 
the electrical engineering profession. The 
appearance of the aforementioned article 
and various others of its type, not neces- 
sarily dealing with the medical aspects of 
electricity, has accomplished a great deal 
in dispelling this illusion from my mind. 

With due respect for Mr. Strong’s more 
experienced viewpoint, I nevertheless de- 
sire to commend ELECTRICAL ENGINEERING 
in its display of the appreciation that the 
electrical engineering profession does not 
comprise a group of power engineers solely; 
but, that it also includes engineers asso- 
ciated with a multitudinous array of other 
valuable applications of that wonderful 
realm of reality—Electricity. 

Very truly yours, 
M. K. Kuwnins (A’32) 
(Jr. U.S. Radio Inspector, 
Radio Div., Dept. of Com- 
merce, Buffalo, N. Y.) 


ELECTRICAL ENGINEERING 


Unity Power Factor 
for Neon Tube Signs 


To the Editor: 

The article by McNeely and Law en- 
titled “Unity Power Factor for Neon Tube 
Signs’ and appearing in the November 1931 
issue of ELECTRICAL ENGINEERING, DP. 
886-8, leaves the reader with the impression 
that the constant current circuit is the best 
and most economical solution, in all cases, 
of the problem of producing luminous tube 
signs with high power factor. I am writing 
to point out some of the reasons why this 
circuit has not been generally adopted. 

The data given by the authors relates to 
the special case of a small sign with a fixed 
load of tubing. It is not indicated whether 
calculations or tests were made on larger 
signs and transformers with varying lengths 
of tubing. From the data given it appears 
that the tests reported were made on trans- 
formers of about 2,500 volts open circuit, de- 
livering 15 milliamperes to the tubing. 
Such transformers are generally used with 
small window or show-case signs, and be- 
cause the load taken by them is small and 
they are usually connected to circuits 
carrying a relatively large load of incan- 
descent lighting, the power factor of the 
individual sign is not of great importance. 

The problem of power factor is most 
important in the case of large signs which 
employ transformers of 12,000 or 15,000 
volts open circuit rating, delivering ap- 
proximately 25 milliamperes to the tubing. 
There are some problems encountered with 
these larger transformers which do not 
apply to the smaller, lower voltage units. 

As the authors point out, when the con- 
stant current circuit is employed the trans- 
former primary winding will take a sub- 
stantially constant current, even when the 
secondary of the transformer is open- 
circuited. Under these conditions the 
entire current becomes exciting current, 
and the secondary voltage is limited only 
by the saturation of the core. Since it is 
not feasible to insure that the transformer 
may never be operated with open-circuit, 
the use of the constant current circuit 
therefore involves a serious hazard to the 
insulation of the transformer, and the cable, 
electrodes, etc., in the sign. Furthermore, 
the open-circuit voltage of transformers 
used in luminous tube signs is definitely 
limited by the National Electrical Code. 

In determining the amount of capacity 
required to obtain maximum power factor 
correction with commercial transformers 
the authors have evidently connected the 
capacitors directly across the 110-volt cir- 
cuit. They have not taken account of the 
generally accepted arrangement of operating 
the capacitor at higher voltage, using the 
primary winding of the transformer as an 
auto-transformer to obtain this voltage. 
Since the corrective effect of a capacitor 
is proportional to the square of the volt- 
age, this arrangement results in substan- 
tialeconomy. A 15,000-volt 25-milliampere 
transformer carrying a normal load of 
tubing, can be made to operate at a power 
factor well over 90 per cent by the use of as 
little as 5u of capacity operating at about 
500 volts. Of course the capacitor must be 
suitable for use on this voltage, but most 
modern capacitors are, and because of 
mechanical limitations, very little can be 
gained by rating them at a lower voltage. 

The fact that the installation using the 
constant current circuit can, and probably 
must, be made up of several individual 
devices, is likely to prove a disadvantage 
rather than an advantage. In the case of 
small window or show-case signs it is de- 
sirable that the sign manufacturer assemble 
the sign complete, leaving the installation 
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job as simple as possible. In the case of 
large outdoor signs, this is also true, with 
the additional consideration that such signs 
frequently contain many transformers, and 
the use of separate reactors and capacitors 
installed inside the building, with separate 
circuits to the individual transformers 
would be prohibitive because of cost and 
complication. 

A capacitor sufficient for power factor 
correction can be placed in the same case 
with the conventional transformer, with a 
small increase in one dimension only, pro- 
viding a self-contained high power factor 
unit, interchangeable as to mounting di- 
mensions with the conventional low power 
factor transformer. 

Still another difficulty that might be ex- 
pected with the constant-current circuit re- 
sults from the fact that many of the higher 
voltage transformers are operated with the 
midpoints of the secondary windings 
grounded, in order to limit the voltage that 
may be applied under abnormal conditions 
to the tubing and other parts of the circuit. 
Accidental grounds may, and do, occur in 
the high voltage circuit. With the con- 
ventional high reactance transformer the 
current in the winding thus short-circuited 
is limited by the impedance of the trans- 
former to a safe value. With the constant- 
current circuit, the primary would con- 
tinue to force a definite number of ampere- 
turns through the secondary winding, 
these ampere-turns dividing between the 
two halves of the winding in inverse pro- 
portion to the impedances. 

With one half of the winding short- 
circuited and the other half open-circuited 
or loaded, the short-circuited half would 
supply most of the ampere-turns, with 
resulting over-load and probable burn-out. 

Very truly yours, 

R. H. Cuapwick (A’17, M’26) 
(Engineer, Transformer Di- 
vision, General Electric Co., 
Fort Wayne, Ind.) 


Electrical 
Precipitation 


To the Editor: 

In connection with the article ‘“‘Elec- 
trical Precipitation,’ by Simon and Kron, 
which appeared in the February issue of 
ELECTRICAL ENGINEERING, p. 93-5, I de- 
sire to point out a few of the results 
which have been obtained in the develop- 
ment of theory and technique by those 
scientists and engineers who have devoted 
so much effort to this art during the past 
twenty years, both here and abroad. 

To mention but one of the many studies 
which have been made, E. Anderson and 
other engineers of the Western Precipita- 
tion Company carried on extensive experi- 
ments at Santa Cruz in 1919, using not a 
single size pipe electrode as reported by 
Simon and Kron, but 3-in, 4-in., 6-in., 
9-in., and 12-in. tubes of from 5 ft. to 20 ft. 
in length. One of the many important 
results of this particular study was the 
development of a formula for precipitator 
efficiency, 7 = 1 — K‘, in which K is a 
“constant.’”’ Simon and Kron use a con- 
stant a. If we let K = e-@ we find the 
formula developed by them to be identical 
with that of Anderson and equivalent to 
similar formulas developed by various 
European investigators, notably Heinrick 
and Deutsch. 

It must be emphasized, however, that the 
manner in which this formula is used is of 
vital importance. A point long recognized 
by precipitation engineers but overlooked 
in the reports of the Simon and Kron 


investigation is the fact that the ‘‘con- 
stant” a (or K) is not nearly so constant 
as might be desired; nevertheless, the for- 
mula is used continually in precipitator 
design, but always with due consideration 
of its recognized limitations. These limita- 
tions have made those who best appreciate 
them extremely hesitant in the publication 
of their results. 

The apparatus used for the measurement 
of dust concentration and described by 
Simon and Kron, is not used in electrical 
precipitation investigation because of its 
inherent inaccuracy as a gage of dust 
content when there is a variation in the 
size of the dust particle. It has been re- 
ported by Tolman (Journal of American 


’ Chemical Society, V. 41, 1919, p. 307) that 


the light beam strength through a dust 
laden gas varies with the concentration of 
dust between limiting formulas in which, for 
small particles, the particle diameter ap- 
pears directly as the cube, and for the 
large particles inversely as the first power. 
The Tyndall beam type of instrument is 
therefore of little value in the comparison of 
inlet and outlet concentrations if there is any 
marked change in the dust particle size 
between the two points of measurement. 
An electrical precipitator will produce such 
a change in dust particle size to a very 
marked degree, especially in the case of 
particles of the kind used by Simon and Kron. 

This fundamental characteristic of the 
measuring device is doubtless responsible 
for the difference which exists between the 
conclusions reached by Simon and Kron and 
the facts established by engineers and 
scientists who, under the auspices of Lurgi 
Apparatebau-Gesellschaft, Siemens-Schuc 
kertwerke, Lodge-Cottrell, Ltd., Western 
Precipitation Company, and Research Cor- 
poration, have been working on this prob- 
lem for more than a score of years. 
I refer especially to the statement that 
efficiency.is a positive exponential function 
of the current and the statement that the 
voltage, in so far as it affects the electrical 
field, has little effect on efficiency. 

Very truly yours, 
J. C. Hae (A’10, M’29) 


(Electrical Engineer, Re- 
search Corp., Bound Brook, 
Ni J-) 


Has Man Benefited 
by Engineering Progress 


To the Editor: 

Responding to the invitation to submit 
comments on the question “Has Man 
Benefited by Engineering Progress’ I am 
impressed by the letter of Professor Ritten- 
house, in ELECTRICAL ENGINEERING, Janu- 
ary 1932, p. 59, as discussion of the question 
can run riot in the absence of more exact 
definition. If man is benefited by cheap 
bathtubs, talkies, radio crooners, auto- 
mobiles, etc., there is no room for dis- 
cussion. Science and engineering gave these 
and some others less pleasant to contem- 
plate. If, however, benefit to mankind 
results from cultivation of what is beauti- 
ful, using the word in its broadest sense, 
and suppression of what is ugly in the world 
and in human relations, the question be- 
comes debatable. It might be possible 
to prepare an impressive argument to show 
that man would be better off if every child 
born with a scientific mind had died in 
infancy. What is the formula for human 
benefit? Homo sapiens is treated in the 
mass in government statistics, but indi- 
vidually he is everything from the noblest 
to the lowest of earthly creatures. Any- 
thing that promotes a higher average of 
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character and mentality would be a benefit, 
and perhaps engineering has helped in this 
direction. 

Mr. Kohn wants engineers to ‘“‘work 
out a new vision of human relations’? but 
that does not seem to be a hopeful job for 
the profession. I wonder if a brand new 
engineering vision would be more popular 
than that given in “The Sermon on the 
Mount.” From a practical point of view, 
would it not be better to do less dreaming 
about a new social scheme, and more hard 
work to make the existing scheme better? 

The membership of our national organi- 
zations constitutes a great body of skilled 
engineers and a host of men of wide prac- 
tical business experience. They and their 
predecessors have given the United States 
the machine age civilization that is so much 
admired. They should be worshipped as 
were the priests of Ammon; but on the 
contrary the public and the politicians 
treat them rather like djinns ordered out to 
perform miracles, which, these being done, 
are stored away in bottles. If the sympo- 
sium includes the question as to what 
engineers should do to benefit mankind, 
then I suggest that American engineers try 
to break out of the bottle and take their 
proper place in public affairs. Vast sums 
have been, are being, and will be, squan- 
dered on governmental projects that come 
directly within the province of engineers. 
The people naturally cannot form an in- 
telligent opinion of such undertakings, 
those who should guide them are ignored, 
and the political promoters have their way. 
I cannot do better than to refer to the ad- 
dress on this subject by W. S. Lee, pub- 
lished in ELrcrricaAL ENGINEERING for 
August 1931, p. 641-2. It seems to be a 
sad fact that the engineer has no real 
standing with the American public. True, 
we have an engineer as President of the 
United States; but did that fact count in 
his election? I doubt it, for he gets no 
consideration as such, and if instead he had 
been a first-class politician, he would prob- 
ably have had better support. If engineers 
enjoyed public esteem, would it not have 
been a natural procedure to leave, so far as 
possible, any purely engineering question to 
the judgment of an engineer president? 
The prolonged inane discussions of Muscle 
Shoals in Congress is a case in point. Any 
competent engineer could have cut that dis- 
cussion short with a few facts; but none was 
given the opportunity. This country has 
the most highly developed electric power 
supply in the world, and consequently, an 
abundance of experts on the subject; yet 
the United States Senate seriously dis- 
cussed supplying electricity to the public 
from that chunk of concrete in the Tennes- 
see River, where the flow is as unreliable as 
German reparations. Public waste makes 
private want, and engineers can benefit 
mankind as represented by the people of the 
United States if they can find a way to 
establish an influence in such public 
affairs as are in their own field, and re- 
specting which they only are competent 
to form sound decisions. I do not know 
how this can be done, but it is well worth 
our attention both as engineers who detest 
economic crimes and as patriotic citizens. 
It might be worth while first to try to dis- 
cover why engineers are not consulted in 
advance on government projects, as they 
are in similar private undertakings? Per- 
haps it is because our profession is too 
modest or too timid to proclaim the truth 
so that the taxpayer may at least know in 
advance what is coming to him. Mr. 
Hoover recently said that our governments, 
federal, state, etc., are ‘‘engaged in constant 
attempt to solve a multitude of public 
relationships to these tools which the engi- 
neers. .constantly force to the very door- 
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step of the government;’’ to which he added 
“These problems of public relations are un- 
solvable without the technical assistance of 
the engineer himself.” In concluding his 
address the President of the United States 
insisted that engineers have the obligation 
to contribute to the public service. If we 
have the ability, persistence, judgment, and 
perhaps self-sacrifice to take on the obliga- 
tion, we may then benefit our countrymen, 
if not all mankind. 
Very truly yours, 
F. V. HensHaw (A’89, M’95, 
Member for Life) (Wood, 
Struthers, & Co., 20 Pine St., 
New York, N. Y.) 


Speakers for Washington 
Bicentennial Celebrations 


During the remainder of 1932, many cele- 


- brations will be held in commemoration of 


the 200th anniversary of the birth of George 
Washington. The American Engineering 
Council is preparing a list of speakers who 
are especially qualified to address engineer- 
ing groups upon the engineering features 
of George Washington’s career, and has re- 
quested the Institute to supply some names. 

Members of the Institute who would be 
willing to prepare such addresses to be de- 
livered in their localities are requested to 
send prompt notification to Institute head- 
quarters, 33 West 39th St., New York, N. Y. 


Specifications for Electrical Heating Ele- 
ments.—The American Society for Testing 
Materials is seeking comments on two re- 
cently adopted specifications, as follows: 
tentative specifications for ‘Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 per 
cent Chromium, for Electrical Heating 
Elements” (B82-31T) and ‘Drawn or 
Rolled Alloy, 60 per cent Nickel, 15 per 
cent: Chromium, and Balance Iron, for 
Electrical Heating Elements” (B83-31T). 
Comments on tentative method of ‘‘Test for 
Determining the Temperature-Resistance 
Constants of Resistance Alloys’”’ (B84-31T) 
are also requested. Communications rela- 
tive to the above should be addressed to 
R. E. Hess, American Society for Testing 
Materials, 1315 Spruce Street, Philadel- 
phia, Pa., from whom copies of the specifi- 
cations may be obtained. 


Grericnen 


Engineers Gounal 


Study Being Given 
Muscle Shoals Legislation 


Dr. H. E. Howe of Washington, D. C., 
Prof. Charles F. Scott (A’92, F’25, HM’29, 
and past-president) of Yale University, 
New Haven, Conn., and J. Dyer of Nash- 
ville; Tenn., have been appointed by the 
American Engineering Council to study the 
Muscle Shoals measure introduced in 


the House by Representative E. B. Almon 
of Alabama. 

The purpose of the Almon bill is, first, 
to aid American agriculture and to provide 
for national defense by the employment of 
the Muscle Shoals project, privately oper- 
ated primarily for the production of fer- 
tilizer; and second, to make available for 
the production of chemical products any 
surplus of the Government owned re- 
sources. 

The bill would create the Muscle Shoals 
Corporation of the United States, the 
directors of which would be authorized to 
lease for not more than fifty years the 
Muscle Shoals properties of the govern- 
ment. It also provides for an appropria- 
tion of $5,000,000 to build Cove Creek 
Dam. 

The American Engineering Council, it 
was also announced, is opposed to the 
Muscle Shoals legislation sponsored by 
Senator George W. Norris of Nebraska 
“to provide for the national defense by the 
creation of a corporation for the operation 
of the government properties at and near 
Muscle Shoals in the state of Alabama, to 
authorize the letting of the Muscle Shoals 
properties under certain conditions, and 
for other purposes.’”? This resolution was 
reported in the Senate, March 9, 1932, by 
the committee on agriculture and forestry. 
A similar resolution by Representative 
W. F. James of Michigan has been referred 
to the committee on military affairs of the 
House. These resolutions are identical 
and contain approximately the same pro- 
posals as the legislation which passed 
the Seventy-first Congress and was vetoed 
by the President. 


ninety 
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Plans for Study of 
Industrial System Discussed 


At a dinner meeting of the Engineering 
Foundation on February 18, 1932, in New 
York, N. Y., consideration was given to 
plans for a study of the industrial system. 
Representatives from the American En- 
gineering Council, the planning committee, 
United Engineering Trustees, Inc., and the 
Engineering Foundation, together with 
several special guests, brought the total 
attendance to 37. 

For several years there has been a growing 
sense of obligation among members of the 
Engineering Foundaton to undertake from 
the engineer’s point of view, research bear- 
ing upon economic and other humanistic 
problems. In September 1931, the United 
Engineering Trustees, Inc. submitted a 
proposal for a study of the industrial 
system to the Foundation, and the latter 
has since been giving the subject earnest 
consideration. The planning committee 
appointed is cooperating with the American 
Engineering Council. 


ELECTRICAL ENGINEERING 


Valuable suggestions were offered during 
the discussion at this meeting, and the 
need for a thorough study was emphasized. 
Definite suggestions were made and the 
desirability of cooperating with members 
of other professions was brought out. 
However, the valuable background of 
thought, habit, and experience of the 
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engineer should be the center around which 
this cooperation should be built up. The 
necessity for courage and determination 
in the study of industrial problems was 
emphasized by several of the discussers, 
all of whom agreed as to the tremendous 
benefits which may be secured from such a 
study. 


United Engineering Trustees, Inc. 


ky THE annual report of United En- 
gineering Trustees, Inc., for 1931, sub- 
mitted by John V. N. Dorr, president, 
and Alfred D. Flinn, secretary, it is pointed 
out that the assets for which the corpora- 
tion is responsible total $3,425,957.52, 
exclusive of the library and the John Fritz 
Medal fund. The report also mentions 
that outstanding among events of 1931 
was the fourth gift of Ambrose Swasey, 
founder of the Engineering Foundation; 
this gift of $250,000 raised the total to 
three-quarters of a million dollars. 


Through the will of E. H. McHenry, a 
well-known consulting engineer, late of 
Philadelphia, Pa., Engineering Foundation 
benefited to an additional amount estimated 
at approximately $400,000. 

Early in November, United Engineering 
Trustees, Inc., consented to serve as 
treasurer and accountant for the Pro- 
fessional Engineers Committee on Unem- 
ployment. Itis continuing to perform these 
services. 

The development committee in December 
submitted a full report of its extensive 
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Operation of Building 


Credit Balance January 1, 19381....0 0005 55s beeen et eee nen tee ees 
Tess Adiustiment LOG0 ses. cogk ic ee ae nee cries os prisicle eels eid aie smaieas = 


Building Revenue 1931. 
Building Expenditures 1931.. 
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Annual Payment to Dep. and Renewal Fund........--. 0-0. +s sss seees 
Payment to Reserve for Future Fire Insurance... ..... 6-6-0. s esse sees 


Credit Balance December 31, 1981...... 0.0... cess cece eee e eee eeeees 


Operation of Library 


Mi aintenanCe REVENUE. sees ne. re cee site ek tt paste om sree bales » olea we laeraes 
Maintenance Expenditures..........6- 0-00 eee cee ee ete eee teens 


Debit Balance for year 1931............---+-: 


Credit Balance from preceding years... 2... 6 ce ete ee ee ee ees 


Total Credit Balance December 31, 1931. .......---- 50sec reese eens 


Service Bureau Revenue. . 
Service Bureau Expenditures and Adjustments. . 


Debit Balance for year 1931........... 22 cee e eee ete e erect renee ne ees 
Credit Balance from preceding years... .. 6... 6-0 s eee ee ee ee eee eee 


Total Credit Balance December 31, 1931... ......-- ee ee eee ee eee ees 


Funds and Property 


Funds held by U-.E.T., Inc. Dec. 31, 1931 ba Ma 


Depreciation and Renewal Fund.. 
General Reserve Fund.. «Ae tate ncauel hs apabele 
Engineering Foundation Fund.. 


Engineering Foundation Fund (4th Swasey Gite). 6 Bae aA Fee 


Henry R. Towne Engineering Fund.. 
Library Endowment Fund. 


Library Endowment Fund +...0+0000+ 000s svervscrrguetsrtrtnt 
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Real Estate owned, cost to Dec. 31, 1931.. 
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studies for providing needed additional 
accommodations for the engineering socie- 
ties. The Engineers’ Club joined in this 
work which was devoted largely to a scheme 
for an “‘engineering center’? but owing to 
business conditions no active steps are now 
feasible. 

Through recommendation of the Trustees, 
Engineering Foundation in examining the 
possibilities of an engineering study of the 
industrial system. In passing to the sum- 
mary of the financial report, it is worthy of 
note that all departments again closed the 
year without deficits. 


Election Held 
by Engineering Foundation 


At its annual meeting February 18, 1932, 
the Engineering Foundation board reelected 
as its chairman H. Hobart Porter (A’96, 
M’12, Life Member) president of the 
American Water Works and Electric Com- 
pany, Incorporated, New York, N. Y.; 
George W. Fuller, consulting engineer, 
former vice-president of the American So- 
ciety of Civil Engineers, New York, N. Y., 
and a member of the firm of Fuller and Mc- 
Clintock, was made vice-chairman. Second 
vice-chairman is C. E. Skinner (A’99, F’12) 
president of the A.I.E.E., and assistant 
director of engineering for the Westinghouse 
Electric and Manufacturing Company, E. 
Pittsburgh, Pa. George D. Barron, mining 
engineer, of Rye, N. Y., and D. Rovert 
Yarnhall, of Philadelphia, Pa., vice-presi- 
dent of the American Engineering Council, 
were elected to the executive committee. 
Dr. A. D. Flinn continues as secretary and 
director. 

New members and reelected members 
of the Engineering Foundation board whose 
terms began at the annual meeting on 
February 18, 1932, are E. De. Golyer, 
New York, N. Y.; H. P. Charlesworth 
(F’28) representing the A.I.E.E., New 
York, N. Y.; E. R. Fish, Hartford, Conn. ; 
G. G. Crawford, Pittsburgh, Pa.; H. Hobart 
Porter (M’12) New York, N. Y.; and 
H. A. Kidder (F’29) New York, N. Y. 


eercomal 


A. S. MILLER (A’08, F’12) vice-president 
of the Bartlett Hayward Company, engi- 
neers, New York, N. Y., at the January 14, 
1932 meeting of the Engineering Societies 
Library board was reelected chairman and 
W. I. Suicuter (A’00, F’12) was made 
vice-chairman. Mr. Miller is a native of 
Richmond, Virginia; since his graduation 
from Stevens Institute of Technology in 
1888 he has had extensive experience in 
public utilities. In 1911, with Dr. A. C. 
Humphreys he formed the consulting firm 
of Humphreys and Miller, Incorporated, an 
activity which he continued until 1918 when 
he became vice-president of the Bartlett 
Hayward Company. He was appointed to 
the library board by the American Society 
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of Mechanical Engineers. Professor Slich- 
ter, already well known in the annals of the 
A.I.E.E. as manager (1918-22) vice-presi- 
dent (1922-24) and an active worker on 
several of its committees, was born in St. 
Paul, Minn. Immediately after gradua- 
tion from Columbia University in 1896 he 
entered the employ of the General Electric 
Company at Schenectady as a student. 
Shortly thereafter he was transferred to the 
office of Dr. C. P. Steinmetz to engage in 
experimental work, tests, and calculations 
on a number of subjects. For several years 
he served the Society of Engineers of Eastern 
New York as treasurer. His contributions 
to technical literature have been many. 


VANNEVAR BUSH 


Dr. VANNEVAR BusH (A’15, F’24) since 
1923 a member of the faculty of electrical 
engineering of Massachusetts Institute of 
Technology, Cambridge, Mass., recently 
was elevated to his new office of vice- 
president and dean of engineering, accord- 
ing to appointments announced March 10, 
1932. He is a native of Everett, Mass., a 
graduate of Tufts College (1913), and holds 
a degree of doctor in engineering from 
Harvard University and from M. I. T., 
where his work has been noteworthy in 
research achievements and contributions to 
technical education. He has been inter- 
ested particularly in the design of scientific 
calculating instruments, and for the develop- 
ment of the product integraph in 1928 was 
awarded the Levy Medal of the Franklin 
Institute. Not long since he won recog- 
nition for his design of an intricate calcu- 
lating machine called the differential 
analyzer, which greatly increases the accu- 
racy and speed of engineering calculations. 
He is also known for his contributions to the 
development of vacuum tubes and his in- 
vestigations in electric power transmission. 
Under his direction at M. I. T. has been 
built another instrument known as the 
network analyzer, a device upon which a 
power network covering several states may 
be reproduced accurately and operating 
characteristics studied under most satis- 
factory conditions. Important branches 
of study carried on by Doctor Bush have 
been those of transients in machines, and 
dielectric phenomena. His career as a 
teacher has been no less notable than has 
his work in research; he has been professor 
of electrical transmission and for sometime 
was in charge of graduate study and re- 
search in the department. Early in his 
career he held a position in the test depart- 
ment of the General Electric Company, 


286 


returning to Tufts College as an instructor 
in mathematics; from this position he was 
subsequently advanced to that of assistant 
professor of electrical engineering. Follow- 
ing the World War during which he did 
valuable research work on the detection 
of submarines for a special board of the 
United States Navy, he was consulting 
engineer for the American Radio and 
Research Corporation. He is a director 
of the Spencer Thermostat Company, 
Cambridge, Mass., and of Raytheon In- 
corporated of Newton, Mass. He is a 
Fellow of the American Academy of Science, 
and of the American Physical Society; a 
member of the Society for the Promotion 
of Engineering Education, and the author 
of numerous contributions to scientific and 
engineering literature. The book ‘‘Princi- 
ples of Electrical Engineering’’ written in 
joint authorship with Professor W. H. 
Timbie is probably one of the most widely 
used books in its field. 


H. Hopart Porter (A’96, M’12) presi- 
dent of the American Water Works and 
Electric Company, Incorporated, New York, 
N. Y., and a Life Member of the Institute, 
was reelected chairman of the Engineering 
Foundation at its annual board meeting 
Feb. 18, 1932. The Foundation is the re- 
search organization of the national societies 


H. H. PORTER 


of civil, mechanical, mining and metallurgi- 
cal, and electrical engineers, with head- 
quarters in the Engineering Societies Build- 
ing, 33 West 39th Street, New York. Mr. 
Porter, who is chairman also of the board 
of the West Penn Electric Company and a 
director of numerous railroad and public 
utility enterprises, is a former trustee of 
Columbia University and a former president 
of the University Club, New York City. 
As a member of the firm of Sanderson and 
Porter, New York, he was engineer of the 
large hydroelectric development in Cali- 
fornia of the Stanislaus Electric Power 
Company, later known as the Sierra and 
San Francisco Power Company. Power 
was transmitted 140 miles at 110 kv. to 
serve the United Railways of San Francisco. 
This was one of the first 110-kv. trans- 
mission lines over so great a distance and 
involved many original problems. For 
some years Mr. Porter was one of the con- 
sulting engineers for the Interborough 
Metropolitan Railway Company; his work 
on many important investigations and as 
an engineer in charge of large operations 


was given high commendation, and products 
of his professional ability have been demon- 
strated in design and construction develop- 
ments in many states: in the hydroelectric 
development for the Inland Empire Railway 
System, Spokane, Washington, the Twin- 
branch power plant and transmission system 
for the Indiana and Michigan Electric 
Company, South Bend, Ind., the steam 
power plant and transmission system for 
the New Hampshire Traction Company, 
Portsmouth, N. H., two steam power plants 
for the New Orleans Railway and Light 
Company, New Orleans, La., and several 
Connecticut developments of important 
tramways. 


GERALD DEAKIN (A’07, M’13) who was 
first assistant chief engineer of the Inter- 
national Telephone and Telegraph Com- 
pany, New York, N. Y., now is in London 
in the capacity of vice-president and 
European technical director of the Inter- 
national Standard Electric Corporation. 


WALTER STEINKAMP (A’26) previously 
district manager of the Picker X-Ray 
Corporation, Buffalo, N. Y., recently be- 
came secretary and general manager of 
James Picker, Inc., and Waite & Bartlett 
X-Ray Manufacturing Company, both of 
Cleveland, Ohio. : 


H. L. OLESEN (M ’27) formerly sales and 
contact engineer of the Jewell Electrical 
Instrument Company, Chicago, IIl., now is 
manager of the radio sales division of the 
Weston Electrical Instrument Company, 
Newark, N. J., in charge of the combined 
radio lines of the Jewell and Weston com 
panies. 


H. N. Harpsoc (A’25) in the past de- 
signing engineer with the Narragansett 
Electric Company, Providence, R. I., on 
February 8, 1932, became power engineer 
for the Fall River Light Company, Fall 
River, Mass., both companies being con- 
trolled by the New England Power Engi- 
neering and Service Corporation. 


StuaRT WILDER (A’02, M’13) vice- 
president of the Westchester Lighting 
Company, Mount Vernon, New York, and 
a past-president of the Empire State Gas 
and Electric Company, recently was chosen 


a vice-president of the Yonkers Electric - 


Light and Power Company. Mr. Wilder’s 
record with the Westchester Lighting Com- 
pany dates from 1903 when he joined the 
company as assistant chief engineer of the 
electrical department. 


G. B. KirKwoop (A’25) previously dis- 
trict sales manager of the New York, N. Y., 
sales office of the Pacific Electric Manu- 
facturing Corporation, has been trans- 
ferred to Los Angeles, Calif., to succeed 
L. C. WiiiraMs (A’15, M’26) district man- 
ager of the latter office, who has been quite 
ill of late. Mr. Kirkwood has been en- 
gaged in the design and sale of high tension 
switchgear and protective devices with the 
Pacific Electric Manufacturing Corporation 
since 1913, having served successively as 
shop workman, draftsman, chief draftsman, 
on costs and estimates, and since 1924 dis- 
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trict sales manager. He has been in the 
San Francisco, Calif., Los Angeles, Calif., 
Chicago, Ill., Gary, Ind., New York, N. Ves 
and now the Los Angeles offices of the 
company. 


A. K. MacNaucuton (A’21, M’26) who 
has been with the Georgia Power Company, 
Atlanta, Ga., as electrical engineer, now 
has joined the Commonwealth and Southern 
Corporation, Alabama Power Building, 
Birmingham, Ala. 


J. L. Saerwin (M’30) who has been 
serving the H. K. Ferguson Company, at 
Cleveland, Ohio, as electrical engineer, 
now has gone into business for himself in 
that city, and will specialize in power plant 
and industrial engineering reports and 
design. 


A. E. Pope (A’07) vice-president of the 
New England Power Association, Boston, 
Mass., has been elected president of the 
New England Power Company, Worcester, 
Mass., the association’s principal wholesale 
generating and distribution unit in central 
New England. 


U. N. Hatiipay (A’28) who has been 
district sales manager of the Portland terri- 
tory of the Pacific Electric Manufacturing 
Corporation, is being transferred to Salt 
Lake City, Utah, to open a new branch 
sales office there. His territory will con- 
sist of Utah, Idaho, Montana, Wyoming, 
and Colorado. 


E. H. Rosenguest (A’03) president of 
both the Westchester Lighting Company, 
Mount Vernon, N. Y., and the Bronx Gas 
and Electric Company of New York City, 
and recently elected president of the 
Yonkers Electric Light and Power Com- 
pany, was made a director of the United 
Electric Light and Power Company at a 
recent meeting of its board. 


C. H. Currer (A’28) formerly district 
sales manager for the Pacific Electric Manu- 
facturing Corporation at Seattle, Wash., has 
recently been placed in charge of the 
Portland, Ore., territory for the company. 
His headquarters will remain at Seattle. 
Mr. Cutter has been with the Pacific Elec- 
trical Manufacturing Corporation since 
1921, having served as assistant to the 
superintendent, purchasing agent, and ad- 
vertising manager previous to becoming 
district sales manager. 


Kring Gray (A’24) who has been 
handling the sale of Ward Leonard products 
for the past seven years with the Westburg 
Engineering Co., Chicago, Ill., has been 
appointed Chicago district manager of the 
Ward Leonard Electric Company. In an 
effort to better serve this important terri- 
tory, F. E. Beede, sales engineer of the 
Ward Leonard company, will be transferred 
from the factory organization to the Chicago 
staff. This change has been occasioned by 
the appointment of P. A. WESTBURG 
(A’07, M’16) as Chicago district manager 
of the Weston Electrical Instrument Cor- 
poration. 
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W. A. DerMar (A’06, F’20) chief 
engineer of the Habirshaw Cable and Wire 
Corporation, Yonkers, N. Y., Prof. W. I. 
SLICHTER, of Columbia University, W. B. 
Jackson (A’97, F’13) rate engineer, New 
York Edison Company, New York City, 
and W. S. Barstow (A’94, F’12) president 
of W. S. Barstow and Company, New York, 
N. Y., have been elected to serve as A.I.E.E. 
representatives on the library board of the 
Engineering Societies Library for the year 
1932. 


J. J. Orr (A’30) plant engineer of A. J. 
Brandt, Incorporated, Detroit, Mich., has 
removed to New York City, where he is 
electrical engineer for the United States 
Rubber Company. Mr. Orr has specialized 
in industrial power engineering and super- 
vised the design and installation of the 
complete electrical system in the General 
Motors plant at Pontiac, Mich., the Ameri- 
can Austin Car Company at Butler, Pa., 
and the ‘““Amo’”’ Auto Works at Moscow, 
Wh Sh SEAS 


H. R. Wooprow (A’12, F’23) at a 
recent election of officers for the Brooklyn 
Edison Company was made vice-president 
in charge of electrical operations. He is a 
native of Rock Rapids, Ia., and a graduate 
of the University of Illinois (1909). Prior 
to 1917, Mr. Woodrow was assistant chief 
electrical engineer of the New York Edison 
Company with which he has been identified 
since 1911. As an assistant to Mr. Philip 
Torchio he was associated with various 
developments and investigations, and in his 
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appointment as assistant chief electrical 
engineer he kept closely in touch with the 
design and operation of all generating and 
substations of the company. In 1922 he 
became assistant electrical engineer of the 
Brooklyn Edison Company, associated with 
J. C. Parker, recently elected to the presi- 
dency, and in this connection demonstrated 
extraordinary practical judgment, analytical 
ability and initiative in connection with 
the electrical design of generating stations, 
transmission systems, substations, and dis- 
tribution systems. He has always taken a 
very active interest in the field of protective 
devices and for five years served on the 
Institute’s committee on protective devices. 
He has served also on the A.J.E.E. member- 
ship, meetings and papers, standards, and 
power transmission and distribution com- 
mittees, the last of which he was chairman 
1928-30; at present he is a director and 


serving also on the publication committee 
Mr. Woodrow was identified in a consulting 
capacity in the design of the Trenton Falls 
and Washington Street station at Dayton, 
Ohio, the Williamsburg station of the 
Brooklyn Rapid Transit Company, and the 
government plant at Nitro, Va. His trans- 
fer to the grade of Fellow endorsed by 
Benjamin G. Lamme included the state- 
ment, “I have been in direct contact with 
Mr. Woodrow’s work for many years in 
engineering problems requiring advanced 
knowledge of electrical theory and practise 
in the application of electrical apparatus. 
and have found him a man of very great 
knowledge and ability.” 


G. L. KNIGHT 


G. L. Knicut (A’1l, F’17) mechanical 
engineer of the Brooklyn Edison Company, 
Brooklyn, N. Y., for many years, and prior 
to his appointment as such, design engineer 
for that company, was chosen by recent 
election to be its vice-president in charge 
of mechanical operations. Born at Had- 
donfield, N. J., Mr. Knight was graduated 
from Drexel Institute in both mechanic arts 
(1898) and electrical engineering (1900). In 
1902 he was manager of the Walker Electric 
Company of Philadelphia, Pa. For two 
years he was chief draftsman of the New 
York Edison Company prior to his transfer 
to the Brooklyn Edison Company in 1905 
in like capacity. In 1908 he was made de- 
signing engineer, the position he occupied 
until 1924 when he became mechanical 
engineer. He has done no inconsiderable 
special electrical, mechanical, and civil 
engineering work in connection with the 
construction of large central stations, from 
the laying of their heavy foundations and 
condensing tunnels straight through to the 
completion of stations ready to operate, and 
the complete design and construction of 
substations, storage yards, and office build- 
ings. His committee work with the Insti- 
tute has been abundant; he has served on 
the following committees: standards 1914- 
25; board of examiners, 1922-4, 1928-9; 
finance, 1922-8; executive, 1923-8; head- 
quarters, 1923-8; coordination of Institute 
activities, 1923-6, 1927-8; Edison Medal, 
1926-8; meetings and papers ex-officio 
1927-8; and power generation, 1927-9. 
He was a member of the U.S. national 
committee of the International Electro- 
technical Committee, 1923-6; and a 
member of the board of trustees of the 
United Engineering Trustees, 1926-31. 
Besides his committee work, Mr. Knight 
has served the Institute as a manager 
1922-6, and a vice-president, 1926-8. 
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Harry B. SmitH (A’28) who has been 
serving the Northern Electrotype Company 
of Detroit, Michigan, as mechanical engi- 
neer, has been made a vice-president of the 
American Electrotype Company, also in 
Detroit. 


H. S. Fark (A’08) vice-president and 
general works manager of the Falk Corpora- 
tion of Milwaukee, Wis., was elected a 
director of the Heil Company of that city 
at a recent meeting of the board. 


H. M. BrRINCKERHOFF (M’26) of the 
firm of Parsons, Klapp, Brinckerhoff and 
Douglas, of New York, N. Y., has been 
appointed a member of the city plan com- 
mission of Englewood, N. J. 


R. C. Youne (A’29) previously district 
manager for the Kuhlman Electric Com- 
pany, Atlanta, Ga., has been transferred to 
the Chicago, IIl., territory of the company 
where he will continue as district manager. 


F. J. Cornrorp (A’23) who was con- 
struction superintendent for the Ohio Power 
Company, Philo, Ohio, now is construction 
engineer for the Scranton Electric Company 
at Pittston, Pa. 


D. C. Harker (A’27) who was a general 
engineer for the Westinghouse Electric and 
Manufacturing Company, Detroit, Mich., 
now has joined the Hudson Motor Car 
Company in that city as engineer. 


G. J. Lexa (A’20) electrical engineer, 
Harnischfeger Corporation, Milwaukee, 
Wis., recently changed his affiliations and 
became electrical engineer of the Lakeside 
Bridge and Steel Company of that city. 


A. E. Water (A’12, F’21) priorly 
associated with the General Cable Corpora- 
tion, now has joined the Sundh Electric 
Company of Newark, New Jersey, as sales 
engineer. 


P. J. Ost (M’23) who served the City 
of San Francisco as its chief electrical 
engineer now has taken a similar position 
with the Public Utilities Commission of San 
Francisco, Calif. 


F. W. Wits (A’04, F’19) who served as 
local Honorary Secretary of the Institute 
for India from 1925 to 1930, has retired 
from active service in India and is now 
residing in Auckland, New Zealand. 


Obituary 


FRANK. GEORGE Baum (A’99, F’14) 
consulting engineer, vice-president of the 
Institute 1906-8, and a pioneer in hydro- 
electric and transmission developments on 
the Pacific Coast, died at Redding, Cali- 


288 


fornia, his place of residence, March 14, 
1932. He was 61 years of age. Mr. 
Baum was born at Ste. Genevieve, Missouri; 
his batchelors degree in electrical engineering 
was conferred upon him by Stanford 
University at the time of his graduation in 
1898. In 1899 he received his E.E. degree 
at the completion of a year spent at the 
same institution as assistant in electrical 
engineering. To bring the consumer and 
producer together is a most interesting 
economic problem of any age, and this was 
the work which Mr. Baum made the keynote 
of his remarkable career. He was employed 
first by the Standard Electric Company of 
California. Blessed with high inventive 
genius, he was enabled to solve many 
problems in the production and transmission 
of power. In the Piedmont station (Calif.) 
he was the originator of the compounding of 
synchronous motor-generator sets, whereby 
the compounding of the exciters was taken 
from the shunt on the busbar of the railway 
load, changing the power factor of the motors 
and keeping the potential of the substation 
nearly normal. This was in line with his 
much later invention, the synchronizing 
condenser and regulator, announced in 1927, 
a device which solved the problem of 
economical transmission of large amounts of 
electrical power over distances of several 
hundred miles, dividing the lines into sec- 
tions of from 100 to 200 miles linked by 
rotary regulators or condensers, each trans- 
mitting the current onward with small 
losses. W. S. Rugg (A’02, M’18) vice- 
president of the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa., by which the patents were acquired is 
quoted as asserting that ‘“‘by means of it the 
capacity of a given line can be increased 75 
per cent at a cost not exceeding 20 per cent of 
the original cost of the line, making possible 
the economical transmission of power from 
distant waterfalls and ultimately making 
possible for sparsely settled outlying dis- 
tricts and farms almost anywhere in the 
United States a supply of electric power.”’ 
From 1900 to 1902 he was instructor in 
electrical engineering at Stanford University 
at the same time doing special work in 
electrical transmission for the Bay Counties 
Power Company and others. He then be- 
came an electrical engineer of the California 
Gas and Electric Corporation, and from 1907 
on practised consulting engineering with 
special reference to hydroelectric develop- 
ments. The conception and much of the en- 
gineering outline of the Pit River power de- 
velopments for the Pacific Gas and Electric 
Company were attributable to Mr. Baum’s 
foresight arid appreciation of possibilities. 
He designed Hat Creek Nos. 1 and 2, Pit 
River No. 1, the 220,000-volt Pit trans- 
mission line, and the great Vaca substation 
at the receiving end. His work during the 
years 1926-8 was developing insulators and 
regulations systems outlined in his paper 
“Voltage Regulations and Insulation of 
Large-power Long-Distance Transmission 
System’’ for which he received the Institute’s 
1921 yearly transmission prize. For the 
betterment of social conditions Mr. Baum 
believed firmly in the linking of business 
enterprise with scientific thinking, his 
expressed thought being that ‘‘the best 
control of a utility is that which develops an 
eagerness and ability on the part of the 
company to furnish service and an equal 


eagerness and ability on the part of the 
consumer to purchase the service. He was 
the author of the books ‘‘Alternating Cur- 
rent Transformer’ and “Atlas of U. S. A. 
Electric Power Industry.’’ Several years 
were spent studying the European electrical 
power industry, and he completed a volumi- 
nous report on the enlargement and extension 
of one of Germany’s largest electric utilities. 
His international reputation took him into 
both France and Germany as a consultant 
for power concerns, and upon his return to 
California he established extensive labora- 
tories in the mountains of the northern part 
of the state for a further study of electrical 
engineering. 


ENGELHARDT WILBOREN Hotst (A’05) 
consulting engineer with offices in Boston, 
Mass., died at his home in Concord, N. H., 
February 1, 1982. He was 61 years of 
age. A native of Christiania, Norway, Mr. 
Holst received his early technical training 
there, graduating with an M.E. degree. 
He came to the United States and engaged 
with the General Electric Company of 
Chicago in the summer of 1895, starting 
with the General Electric test course and 
subsequently being promoted to the superin- 
tendency of the company’s repair shop. 
Two and a half years were spent with the 
company’s Canadian office and one year in 
travel. In 1905 he took the position of 
superintendent of equipment for the B & N 
and Old Colony Street Railway Company, 
Boston, Mass., and later assumed like 
duties with the Bay State Railway Com- 
pany, also of Boston. The Boston consult- 
ing engineering practise in which he was 
engaged at the time of his death was es- 
tablished in 1920. 


ISABELLE CONKLING CONLIN (nee Wil- 
liams) (A’21) of Hempstead, N. Y., died 
January 23, 1932; she had been ill for 
several years. Born in Brooklyn April 6, 
1894, Mrs. Conlin received her early educa- 
tion in the New York public schools. In 
1917 she was graduated from Barnard 
College, the Columbia University School for 
women in New York City. She imme- 
diately became associated with the Western 
Electric Company as engineering assistant 
in the physical laboratory and in 1920 was 
made laboratory engineer supervising an 
electrical measurement group, and estab- 
lishing for herself a creditable record of 
achievement and capability. 


JEREMIAH JOSEPH KENNEDY (A’00, 
M’02) consulting engineer, Brooklyn, N. Y., 
died February 15, 1982. He was born in 
Philadelphia, Pa., October 22, 1864, and 
was educated in the private schools of that 
city. His technical education also was 
obtained under private tutelage and in- 
cluded chemistry, and civil, mechanical, 
and electrical engineering, this last subject 
receiving the major part of his attention. 
The first of the year 1882 he joined the 
Norfolk and Western railroad as a rodman, 
returning in the fall of that year to study 
higher mathematics and civil engineering. 
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The following June he became principal 
assistant to General Russell Thayer, in 
civil engineering; for another year, still 
pursuing his studies, he spent considerable 
time visiting mines, various works in opera- 
tion, and inspecting important structures. 
July 1885, he was given charge of various 
field surveys in Pennsylvania and Virginia, 
and in August became chief engineer of the 
Lynchburg Iron Company operating iron 
mines and constructing railroads. During 
the major part of 1886 he served as principal 
assistant to General Russell Thayer, but 
in November 1888, he turned his attention 
to electrical engineering and six years later 
became principal assistant engineer to J. G. 
White, president of J. G. White & Com- 
pany of New York and Baltimore; three 
years later he was made chief engineer. 
With this company his work included cable 
and electric railway construction; the de- 
sign and construction of subways in Balti- 
more; design, construction, and operation 
of electric light and power plants; the de- 
sign and construction of substations for 
the Toledo and Detroit railway, and for the 
Niagara Falls-Buffalo transmission line. 


Previous to this he was for two years chief 
engineer of Atlantic Highlands, Red Bank, 
and Long Branch Electric Railway and for 
over a year he filled the position of chief 
engineer and superintendent of the Borough 
of Manhattan Electric Company, New York 
City, for the purpose of reconstructing and 
reorganizing its plants, and subsequently 
to plan and install extensions; it was while 
filling these positions Mr. Kennedy secured 
his permanent position as chief engineer of 
the J. G. White and Company. Mr. Ken- 
nedy was one of the first engineers to appre- 
ciate the advisability of making parts and 
flywheels of engines used in parallel opera- 
tion of such weight that they would have 
no tendency to vibrate in harmony with the 
electrical oscillations. His attack of any 
engineering problem was energetic and in- 
telligent and he was an enthusiastic and 
indefatigable worker. Among his other 
achievements in the line of electrical design 
and construction were the Detroit and Lake 
Orion Railway, Detroit, Mich., the power 
station at Perth, West Australia, and the 
design of a proposed central station for the 
Third Avenue railway of New York City. 


cal Meetings 


Past 


Section Meetings 


Atlanta 


AupIs_LE Licut, by John B. Taylor, Genl. Elec. 
Co. Demonstrations. Feb. 15. Att. 850. 


Chicago 


ELectric Moror Conrrot, by G. C. Wilms, 
Bradley Mfg. Co. Joint meeting with Western Soc. 
of Engrs. Feb. 15. Att. 178. 


Cincinnati 
Evectric SHock, by Dr. W. B. Kouwenhoven, 


Johns Hopkins Univ., vice-pres. A.I.E.E. Dinner. 
Feb. 25. Att. 85. 


Cleveland 


Demonstration and lecture by S. P. Grace, asst. 
vice-pres., Bell Telephone Labs., Inc. Joint meet- 
ing with Advertising Club, Chamber of Commerce, 
Cleveland Engg. Soc., and Elec. League. Feb. 3-4. 
Att. 5,000. 

FieLp STUDIES OF LIGHTNING PROTECTION ON 
DiIsTRIBUTION CrRcUITS, by K. B. McEachron, 
Genl. Elec. Co. Feb.18. Att. 107. 


Dallas 


Tue EvecrricaL INDUSTRY oF Topay, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst. director of engg., 
Westinghouse Elec. & Mfg. Co. Feb. 26. Att. 
127. 

CONSTRUCTION PROGRESS AT THE Hoover Dam, 
by S. O. Harper, U.S. Bureau of Reclamation. 
Demonstrations. Dinner. Feb. 10. Att. 60. 


Detroit-Ann Arbor 


FUNDAMENTAL PHYSICAL AND PSYCHOLOGICAL 
Aspscrs or TELEVISION, by J. O. Perrine, Am. Tel. 
& Tel. Co. Demonstrations. Joint meeting with 
Detroit Engg. Soc. Feb.16. Att. 650. 


APRIL 1932 


Erie 

History AND DEVELOPMENT OF MoTOR DRIVEN 
EvLectric CLocks, by Alvan Fisher, Warren Tele- 
chron Co. Feb. 16. Att. 100. 
Fort Wayne 


Rapio INTERFERENCE, 
Assoc. Elec. Labs. 


by Arthur B. Smith, 
Discussion. Feb.11. Att. 90. 


Houston 


Tue ELectRicAL INDUSTRY OF ToDay, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst. director of engg., 
Westinghouse Elec. & Mfg. Co. Dinner. Feb. 24. 
Att. 85. 


Indianapolis-Lafayette 


ELECTRONS AT WORK AND AT Pray, by Dr. Phil- 
lips Thomas, Westinghouse Elec. & Mfg. Co. 
Demonstrations. Feb. 10. Att. 340, 


Ithaca 


PROTECTION OF DISTRIBUTION CIRCUITS AND 
Apparatus, by B. B. McEachron, Genl. Elec. Co. 
Feb. 19. Att. 124. 


Kansas City 


LIGHT AND ARCHITECTURE, by A. L. Powell. Genl. 
Elec. Co. Dec. 28. Att. 110. 
CONTROL oF SMOKE NUISANCE IN C1TIES, by A. 5S. 


Longsdorf, Wash. Uniy. Joint meeting with 
A.S.M.E. Sec. Jan.15. Att. 865. 
Los Angeles 


OVERSEAS TELEPHONE SERVICES OF THE BELL 
System, by W. H. Harrison, Am. Tel. & Tel. Co. 
Demonstrations. Feb. 9. Att. 106. 

Louisville 

LIGHTNING—RECENT INVESTIGATIONS AND FIND- 
INGS, by F. W. Peek, Jr., Genl. Elec. Co. 
strations. Feb. 19. Att. 169. 

Lynn 


AMERICA STEPS AHEAD WITH THE AKRON, by R. 
H. Smith, M.I.T. Movies. Feb.10. Att. 1,054. 


Mercury VArPoR TURBINES, by L. A. Sheldom 
and B. P. Coulson, Genl. Elec. Co. Feb, 24. Att. 500. 
Memphis 

DEVELOPMENT OF VOCATIONAL GUIDANCE, by 


Demon- . 


J. L. Highsaw, Memphis Tech. High Sch. Feb. 9. 
Att. 35. 


Mexico 


SomE RECENT DEVELOPMENTS AND TRENDS IN 
ELECTRICAL MACHINERY AND APPARATUS, by Dr. 
C. E; Skinner, pres. A.I.E.E., asst. director of engg., 


Westinghouse Elec. & Mfg. Co. Demonstrations. 
Feb. 17. Att. 70. 

Banquet. Feb. 18. Att. 58. 
Minnesota 


RESEARCH WoRK IN LABORATORY DEVELOP- 
MENTS, by H. D. Sanborn, Genl. Elec. Co.; THE 
CHALLENGE TO THE AMERICAN BUSINESS MAN, by 
J. B. Chapple, Ashland Daily Press. These talks 
were given before the convention of the Minnesota 
Federation of Architectural and Engg. Societies. 
Feb. 26-7. Att. 100. 


Montana 


RECENT DEVELOPMENTS IN THE ELECTRICAL 
Fretp, by A. D. Atewart, Westinghouse Elec. & 
Mfg. Co. Discussion. Feb. 18. Att. 43. 

Dean H. V. Carpenter, State Col. of Wash., vice- 
pres. A.I.E.E., gave a report of the winter con- 
yenden held in New York. Discussion. Feb. 25. 

tt. I 


New York 


MARINE ENGINEERING AND THE AMERICAN 
MERCHANT MARINE, by Arthur M. Tode, pres., 
Propeller Clubs of the U.S. (Transportation 
group.) Feb.10. Att. 275. 

CHARACTERISTICS AND PROTECTION REQUIRE- 
MENTS OF THE LOW-VOLTAGE A.C. NETWORK, by 
C. W. Pickells, N: Y., and Queens Elec. Lt. & Pwr. 
Co., A. Pinto, Otis Elevator Co., L. A. Nettleton, 
Bklyn. Edison Co. (Power Group.) Feb. 18. 
Att. 250. 

THE New Music or ELECTRICAL OSCILLATIONS, 
by Benjamin Miessner, Capt. Richard Ranger, and 
Prof. Leon Theremin. Feb. 26. Att. 875. 

RECENT INVESTIGATIONS OF NEW YorK CITY 


SMOKE, by E. E. Free, N. Y. Univ. March8. Att. 
75. 
Oklahoma City 

Norsk INpDUCTION BETWEEN POWER TRANS- 


MISSION AND TELEPHONE Circuits, by E. B. Jen- 
nings, Southwestern Bell Tel. Co., and C. E. Bathe, 
Oklahoma Gas & Elec. Co. Demonstrations. Jan. 
25. Att. 115. 


Philadelphia 


ELECTRON TUBES IN INDUSTRY, by E. H. Alex- 
ander, Genl. Elec. Co. Demonstrations. Jan. 11. 
Att. 150. 

Sure STABILIZATION BY ELECTRICALLY CON- 
TROLLED MECHANICAL Devices, by Nicholas 
Minorsky, Univ. of Pa. Feb. 8. Att. 180. 


Pittsburgh 


THE WESTINGHOUSE SECTION MERCURY ARC 
RECTIFIER, by A. L. Atherton, J. H. Cox, D. C. 
West, H. Speight, A. J. Maslin, R. R. Longwell, 
and J. Slepian. Joint meeting with Engrs. Soc. of 
Western Pa., Feb. 9. Att. 453. 

An OuTDOOR MERCURY BOILER POWER STATION, 
by A. R. Smith, Genl. Elec. Co. Dinner. Joint 
meeting with Engrs. Soc. of Western Pa., March 
8. Att. 174. 


Pittsfield 


MEN Mabe ISLAND TO SPEED OCEAN FLYING, by 
E. R. Armstrong, Armstrong Seadrome Corp. Feb. 
16. Att. 300. 

Famous WoMEN SPIES AND THEIR METHODS, by 
Maj. Thomas Coulson. Dinner. March 1. Att. 
1,450. 


Portland 


Motion pictures describing cable manufacture 
and short talks on telephone transmission. Feb. 
23. Att. 75. 


St. Louis 

THE WortpD or Execrrons, by Larry Hawkins, 
Genl. Elec. Co. Feb. 16. Att. 1,600. 
San Antonio 


THE ELECTRICAL INDUSTRY OF TopDAy, by Dr. 
C. E. Skinner, pres. A.I.E.E., asst. director of engg., 
Westinghouse Elec. & Mfg. Co. Feb. 23. Att. 99. 


San Francisco 


OVERSEAS RADIO TELEPHONE SERVCE OF THE 
BELL SystEM, by W. H. Harrison, Am. Tel & Tel. 
Co. Joint meeting with I.R.E. and Signal Corps 
Assn. Feb. 12. Att. 450. 


Schenectady 


VERTICAL TRANSPORTATION IN BUILDINGS, by 


Bassett Jones, Meyer, Strong, and Jones. Joint 
meeting with A.S.M.E. Jan. 21. Att. 125. 

Arr CONDITIONING IN BuiLpINcs, by A. R. Ste- 
venson, Gen. Elec. Co. Joint meeting with 
A.S.M.E. Sec. Feb. 4. Att. 130. 

Tue GREAT Ice AGE IN NorTH AMERICA, by 
K. F. Mather, Harvard Univ. Joint meeting with 


A.S.M.E. Sec. Feb. 18. Att. 425. 


Seattle 

SEGREGATION OF HyDROELECTRIC POWER Costs, 
by W. S. McCrea, Jr.; GENERATOR VOLTAGE 
REGULATORS, by K. L. Howe; REFLECTED VOLT- 
AGE WAVES IN SINGLE PHASE INDUCTION MorToRs, 
by D. C. Moore; RESIDENTIAL UNDERGROUND 
DISTRIBUTION SYSTEM, by Wallace Quistorff. W. 
S. McCrea awarded prize of $25 for presentation of 
best paper. Jan. 19. Att. 75. 


Sharon 


MopERN MARVELS, by C. K. Lee, Westinghouse 
Elec. & Mfg. Co. Feb. 16. Att. 135. 


Spokane 


INSTITUTE AFFAIRS AND REPORT ON THE WINTER 
CoNnvVENTION, by Dean H. V. Carpenter, State Col. 


of Wash., vice-pres., A.I.E.E. Feb. 26. Att. 21, 
Toledo 
Executive committee meeting. Feb. 9. Att. 9. 


PROTECTIVE RELAYS, by J. H. Hunt, Toledo 


Edison Co.; Mopgrn Circuit INTERRUPTERS, by 
J. Slepian, Westinghouse Elec. & Mfg. Co. Demon- 
strations. Discussion. Feb. 19. Att. 80. 
Toronto 

Non-RESONATING TRANSFORMERS, by K. K. 
Palueff, Genl. Elec. Co. Demonstrations. Feb. 
11. Att. 114. 


AUTOMATIC FREQUENCY CONTROL, by J. B. Mc- 
Clure, Genl. Elec. Co. Joint meeting with Niagara 
Frontier Sec. and Engg. Inst. of Canada. Feb. 19. 
Att. 151. 

SoME PHYSICAL CHARACTERISTICS OF SPEECH AND 
Music, by Harvey Fletcher, Bell Tel. Labs., Inc. 
Demonstrations. Feb. 26. Att. 350. 


Urbana 


MopERN HiIGH POWER TRANSMISSION ANTENNA, 
by Prof. H. A. Brown, Univ. of Ill. March2. Att. 
35. 


Utah 


Wuat MEN SEE WITH, by A. S. Bennion, Utah 
Pwr. & Lt. Co. Dinner. Feb.8. Att. 70. 


Washington 


SomE THOUGHTS ON WAVES, by O. B. Blackwell, 
Am. Tel & Tel. Co. Dinner. Feb.9. Att. 130. 


peters 


Section Meetings 


Akron 


April 12—TueE ELEcTRICAL INDUSTRY AND SOME 
PROBLEMS OF THE INSTITUTE, by Dr. C. E. Skinner, 
pres. A.I.E.E., asst. director of engg., Westinghouse 
Elec. & Mfg. Co. Movies. 

May 10—Annual banquet and ladies’ night. 
HuMAN ENGINEERING, by Dean Fred E. Ayer, 
Univ. of Akron. Movies. 


Baltimore 


April 15—Subject to be announced. Speakers 
from Western Electric Co. 

May 20—Speaker: Dr. W. B. Kouwenhoven, 
Johns Hopkins Univ., vice-pres. A.I.E.E. 


Cleveland 

April 21—Evrctric REFRIGERATION AND DoMES- 
ric ArR CONDITIONING, by W. M. Timmerman, 
Genl. Elec. Co. 

May 19—Subject and speaker to be announced. 
Dallas 


April 11—THE CooRDINATION OF LINE AND 
STATION DESIGN FOR LIGHTNING SURGE ConpDI- 
T1Ions, by A. O. Austin, Ohio Brass Co. 


Detroit-Ann Arbor 


April 19—ComMERcIAL METERING oF ELECTRIC 
ENERGY, by A. S. Albright, Detroit Edison Co. 
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May 17—Hovuse oF Magic, by Oliver Ajer, 
Genl. Elec. Co. 


Louisville 


April 15—Inspection trip to Bowman Field Air- 
port. FUNDAMENTALS OF PLANE CONSTRUCTION 
AND FLicutT, by A. W. Lee, Louisville Gas & Elec. 
Co. 


May 13—D1aL TELEPHONE EQUIPMENT IN 
LovuIsvILLE. Speaker from Southern Bell Tel. & 
Tel. Co. 

New York 


April 15—Final meeting of power group; general 
subject: regulation of power flow between intercon- 
nected systems. GENERAL PROBLEMS OF INTER- 
CONNECTION, H. L. Melvin, Electric Bond and Share 
Company; AUTOMATIC CONTROL OF FREQUENCY 
AND Loap, J. B. McClure, Genl. Elec. Co. Election 
of power group officers. Meeting to be held in En- 
gineering Societies Building at 7:30 p.m. 


Pittsburgh 
April 12—TELEvIsIon. 


meeting with I.R.E, 
May 10—Annual banquet and ladies’ night. 


Seattle 


April 19—Joint meeting with Student Branch at 
Univ. of Wash. 

May 17—Address by L. Sapovi, Hooker Electro- 
Chemical Co. 


Spokane 


April 22—NEw DEVELOPMENTS IN Om CIRCUIT 
BREAKERS, by J. F. Spease, Genl. Elec. Co. 

May 27—Annual dinner meeting. History oF 
THE ELECTRICAL DEVELOPMENT OF THE INLAND 
EMPIRE, by John B. Fisken. Election of officers. 


Toledo 


April 15—PROBLEMS IN THE DESIGN OF LARGE 
TuRBO-ALTERNATORS, by S. H. Mortensen, Allis- 
Chalmers Co.; APPLICATION OF ELECTRICITY IN 
INDUSTRY, by R. E. Paxton, Toledo Edison Co. 


Demonstrations. Joint 


Vancouver 


April 4—SwitcuceEar, by W. D. Robertson, Cana- 
dian Genl. Elec. Co., Ltd. 

May 2—Open. 

May 21—Annual outing to the Baker River 
Plant of the Puget Sound Pwr. & Lt, Co. 


Past 
Branch Meetings 


University of Akron 


BioGRAPHY OF ALEXANDER GRAHAM BELL, by 
R. I. Felver, student; BAFFLE BOARDS AND THEIR 


RELATION TO MODERN LOUDSPEAKERS, by Sol. 
Leibowitz, student. Demonstrations. Feb. 24. 
Att. 9: 


Alabama Polytechnic Institute 


ELECTRIFICATION OF THE NORFOLK AND WESTERN 
Raitway, by F. N. Williams, student; TrLEPHONE 
Systems, by D. P. Johnson, student. Feb. 18. 
Att. 10. 

MANUFACTURE OF CAST IRON PIPE BY THE 
Mono-Cast CENTRIFUGAL PROCESS, by 5S. D. 
Moxley, Am. Cast Iron Pipe Co. Joint meeting 
with A.S.M.E. Feb. 2. Att. 45. 


University of Arkansas 
Non SINE WAVES, by H. G. Thomasson, student; 


Vectors, by E. E. Ray, student; Harmonic 
ANALIZERS, by J. G. Lewis, student. Feb. 3. Att. 
35. 


ELEcTRIC SHOVELS, by Robert Vining, student; 
BrusuHeEs, by E. E. Boreland, student; AuTromaTic 
Stops FoR ELEVATORS, by F. L. McDonald, student. 
Feb. 15. Att. 30. 


Armour Institute of Technology 

Bui_tpinc Networks, by E. E. Chilberg, Genl. 
Elec. Co. Feb. 19. Att. 30. 
University of British Columbia 


AUTOMATIC TELEPHONY, by J. W. McRae, stu- 
dent. Discussion of transmission systems. Feb. 
9. Att. 14, 


Tue C.G.E. Test Course, by S. D. Scott, stu- 
dent; THe Automatic SwITCHBOARD INSTALLED 
FOR THE POWELL RIVER PULP AND PAPER Co., by 
H. E. Woodland, student. Film—‘‘The Trans- 
portation Problem.” Feb. 23. Att. 19. 

Film—“‘Electrification of the Mexicana Rail- 
way.” Feb. 24. Att. 100. 


Brooklyn Polytechnic Institute 


THE PIANOFORTE OR ENGINEERING APPLIED TO 
THE ART oF Music, by Wm. B. White, Am. Steel & 
Wire Co. Demonstrations. Refreshments. Jan. 
14. Att. 200. 


Bucknell University 


LIGHTING AND ITs RELATION TO INDUSTRIES, by 
George Heinish, student. Feb.11. Att. 12. 


University of California 


THE DEVELOPMENT AND APPLICATION OF VACUUM 
TusBeEs, by A. W. Copley, Westinghouse Elec. & 
Mfg. Co., vice-pres. A.I.E.E. Banquet. Feb. 19. 
Att. 46. 

ENGINEERING OBSERVATIONS ON A RECENT TRIP 
East, by W. C. Smith, Genl. Elec. Co. Feb. 24. 
Att. 35. 


Case School of Applied Science 


THE RESEARCH ATTITUDE, by Prof. T. D. Owens; 
SAFETY DEVICES ON STREET Cars, by J. C. Elder, 
student; X-Ray PROTECTIVE DEvicgEs, by W. J. 
Cherney, student. Feb.17. Att. 51. 

W. J. Cherney elected chairman. 
Att. 43. 


Catholic University of America 


ELECTRICITY AND THE ‘TELEPHONE, 
Gioffre, Chesapeake & Potomac Tel. Co. 
ments. Feb. 24. Att. 3. 


March 4. 


by Mr. 
Refresh- 


University of Cincinnati 


ELEVATOR Morors AND CONTROL, by Ageyn Lie- 
benberg, Warner Elev. Co. Feb. 17. Att. 40. 


Clemson Agricultural College 


PHOTOELECTRIC TUBES, by Prof. F. T. Tingley; 
THE PRESENT PRACTISES IN INSULATED POWER 
CaBLEs, by W. G. Wallenberg, student. March 3. 
Att. 20. 


University of Colorado 


Films—‘‘Speeding up Our Deep Sea Cables’’ and 
“Pictures by Wire.’’ Refreshments. Feb. 10. 
Att. 55. 

New IpeEAS FoR HiGH VOLTAGE CrrRcuIT BREAK- 
ERS, by C. A. Church and N. R. Damon. Slides. 
Feb. 24. Att. 30. 


Cooper Union 
ENGINEERING ASPECTS OF THE SOVIET FIVE 


YEAR PLAN, by W. N. Polakov. Feb. 4. Att. 70. 
University of Denver 
Films—‘‘Mazda Lamps,’ “Electric Ships,’’ 


“Liquid Air,’’ and ‘‘A Visit to the General Electric 
Factory With Earl Carroll.’’ Feb.18. Att. 84. 


University of Detroit 


CONSTRUCTION AND APPLICATION OF STORAGE 
BATTERIES, by W. C. Leingang, Elec. Stor. Bat. 
Co. Film—‘‘The Electric Ship.’’ March 2. Att. 
45. 


Duke University 


Mercury Arc RECTIFIERS, by Mr. Creekmore, 
student. Discussion. Feb. 11. Att. 13. 

ILLUMINATION AND NEON TUBES, by Mr. Garrett, 
student; SHORT WAvE ReEcEIVING CrRcuITS, by 
Mr. Flack, student. Feb. 25. Att. 13. 


University of Florida 
AMATEUR Rapio, by G. W. Haug, student; THE 
KENNELLY-HEAVISIDE LAYER AND METHODS FOR 
DETERMINING Its HeIcutT, by D. G. Beck. March 
Tan Atte2b. 
Georgia School of Technology 
Films—‘“‘Automatic Are Welding’ and ‘Busy 
Body.” Feb. 16. Att. 60. 
University of Illinois 
Discussion of plans for the elec. engg. show. 
17. Att. 100. 
Iowa State College 
Film—‘‘The Life of Edison.”’ 


Feb. 


Feb. 10. Att. 50. 


University of Iowa 


Films—‘‘General Electrical Icing Unit.’’ Elec- 
tion of officers as follows: H. A. Peterson, chmn. ; 
L. E. Travis, vice-chmn.; J. F. Kapinos, secy - 
treas. Feb. 3. Att. 44. 


Discussion. Feb. 10. Att. 44. 


ELECTRICAL ENGINEERING 


ee wate ary 


ELECTRICAL ReELays, by M. J. Larsen, student. 
Feb.17. Att. 30. 

New Rapro Arr CELL A Battery, by L. F. 
Grizel, student; THe GRowTH OF THE UNIVERSITY 
Rapio SraTiIon, by R. E. Griffin, student; ELrc- 
TRICITY IN THE MorratT TUNNEL, by D. G. Fritz, 
student; TELEVISION, by E. C. Dunn, student. 
Feb. 24. Att. 38. 


Kansas State College 


Election of officers. Feb. 4. 

Talk by G. W. Wood, Frigidaire Co. Feb. 18. 
(Afternoon meeting.) 

Russia, by J. C. Bradley. Feb. 18. (Evening 


meeting.) 
University of Kansas 


CoopERATIVE EpucatTion, by Prof. D. C. Jack- 
son, Jr., counselor. Feb. 18. Att. 36. 

THE MAKING oF A LiFs, by R. A. Schwegler, 
dean, school of education. Films—‘‘Far Speak- 
ing” and ‘‘Voices Across the Sea.” March 3. Att. 
54, 

Lafayette College 


WELDING, by A. S. Cumberland, Ingersoll-Rand 
Co. Illus. Joint meeting with A.S.M.E. and 
A.S.C.E. branches. Feb. 26. Att. 50. 

Louisiana State Univeristy 

THE WyMAN Dam HypDROELECTRIC PROJECT, by 
E. E. Frenzel, student. Feb.18. Att. 19. 
University of Louisville 

ADVANTAGES OF GOVERNMENTAL CONTROL, by J. 
Groves, student; ADVANTAGES OF PRIVATE OWNER- 
sHIp, by J. Morris, student. Feb.12. Att. 11. 
University of Maine 

PLANNING A POWER SysTEM, by H. W. Coffin, 
Bangor Hydroelec. Co. Feb. 25. Att. 23. 
Marquette University 

MAGNETIC TESTING, by Prof J. F. H. Douglas, 
assisted by Messrs. Trimborn, Dernbach, Hallbach, 
and Van Peterson, students. Feb.4. Att. 20. 
Massachusetts Institute of Technology 

Inspection trip through the L Street generating 


station of the Edison Elec. Ill. Co. Feb. 19. Att. 
15. 

THE THYRATRON TUBE, by H. M. Wagner, stu- 
dent. Dinner. Feb. 25. Att. 65. 


Michigan College of Mining and Technology 


INDUSTRIAL APPLICATIONS OF VACUUM TUBES, by 
R: E. Welton, Gen. Elec. Co. Films ‘Automatic 
Substation for Mining and Industrial Service” and 
“Big Deeds.” Feb.11. Att. 36. 


Michigan State College 
THE DEVELOPMENT OF THE VACUUM TUBB, by 
W.A. Stelzer, student. Feb.23. Att. 11. 
METHODS OF FIXING LIGHT AND POWER RATES, 
by Mr. Carolyn, Consumers Pwr. Co. March 8. 
Att. 14. 


School of Engineering of Milwaukee 


ORGANIZATION, PURPOSE, DUTIES, AND OPERA- 
TION OF THE MILWAUKEE FIRE DEPARTMENT, by 
Mr. Lippold, asst. firecf. Feb.10. Att. 46. 


University of Minnesota 


Inspection trip through the Elec. Mchy. Mfg. Co. 
Feb. 18. Att. 65. 


University of Missouri 


Uxtra HicH FREQUENCY OSCILLATIONS, by C. 
Thorne and L. Smarr, students; TELEVISION, by 
H. Leibovich and L. Buell, students. Feb. 17. 
Att. 18. 

ADVENTURES IN SCIENCE, by L. A. Hawkins, 
Genl. Elec. Co. Joint meeting with Sigma Xi. 
Feb. 27. Att. 263. 


Montana State College 

Tue Swope Pian, by A. J. Hill, student; A 
Mopern Launpry, by C. G. Anderson, student; 
Evecrric Arc WELDING IN MINnEs, by E. Hughes, 
student; DEVELOPMENT OF TRANSFORMERS, by R. 


MacDonald; THE ORIGIN OF THE ELECTRICAL 
Science, by Wm. H. Scheele. Jan. 28. Att. 103. 
University of Nebraska 

Film—‘‘Power Transformers.’’ Feb. 17. Att. 


22. 
Demonstration of thyratron tubes by L. W. Cook 
and P. Ehrenhard, students. March2. Att. 34. 


Newark College of Engineering 


PHOTOELECTRIC CELLS, by J. Wier, student; 
APPLICATION OF PHOTOELECTRIC CELLS, by W. 
Amon, student; THYRATRON INVERTER, by W. R. 
McLaughlin, student. Feb. 29. Att. 22. 


APRIL 1932 


University of New Hampshire 


Film—‘‘Something About Switchboards.”’ 
9. Att. 28. 

A New WARNING BEACON WHICH UTILIZES THE 
Vacuum TuBgs, by A. Philbrick, student; Convict 
LaBoR IN HiGHway Construction, by H. W. 
Feindel, student. Jan. 16. Att. 27. 

THE SOLUTION OF UNBALANCED FAULTS ON 
TRANSMISSION LINES BY THE METHOD oF SyM- 
METRICAL COORDINATES, by H. R. Stewart, West- 
inghouse Elec. & Mfg. Co. Jan. 20. Att. 78. 

Discussion. Feb. 6. Att. 24. 

THE FuTURE ENGINEER, by O. K. Reid, student; 
Tue ELECTRON TUBE IN INDUSTRY, by H. W. 
Hunt, student. Feb. 13. Att. 21. 

Discussion of plans for spring inspection trip. 
Feb. 20. Att. 22. 

Discussion. Feb. 27. Att. 26. 

PREDETERMINED COUNTER AND ITs Usgs, by J. 
Prentice, student; DirseL. ELecrric Drives USED 


Jan. 


ON TRAMP STEAMERS, by R. D. Ives, student. 
March 5. Att. 21. 
University of New Mexico 

Discussion of plans for engineers’ day. Feb. 17. 


Att 10. 

ENGINEERING ACHIEVEMENTS OF THE GENERAL 
Evecrric Co. Durinc 1931, by Martin Zirhut, 
student. Feb. 25. Att. 17. 


College of the City of New York 


Discussion. Feb.18. Att. 18. 

THE Toots oF MODERN WARFARE, by Maj. Carl 
de Zafra, U.S. Army. Feb. 25. Att. 44. 

SomME RECENT DEVELOPMENTS IN ELECTRICAL 
ComMUuUNICATION, by R. D. Parker, Am. Tel. & Tel. 
Co. Demonstrated. March 3. Att. 40. 


New York University 


Quast Optica Waves, by E. H. Osterland, 
student; Laspor UNrons, by W. Rubsamen, stu- 
dent. Feb. 16. Att. 12. 

AMATEUR RapiIo STATION EQUIPMENT, by J. 
Mantone, student; MEASUREMENT OF THE MoOIs- 
TURE CONTENT OF Woop BY ELECTRICAL METHODS, 
by A. W. Lebert, student. Feb. 23. Att. 13. 

THE PRESENT PaTENT SITUATION, by L. C. 
Dinnar, student; QuARTZ CRYSTAL OSCILLATORS, 
by H. C. Fleming, student. Marchl. Att. 13. 

THE DEVELOPMENT OF THE USE OF ELECTRICITY 
AT SEA, by J. P. Munroe, student; THE INDUCTIVE 
ComMPENSATING GENERATOR, by C. J. Dunn, stu- 
dent. March 8. Att. 13. 


North Carolina State College 


NEON Tuses, by K. L. Ponzer, student; LATE 
ELECTRICAL DEVELOPMENTS, by C. M. Smith, 
student; AMATEUR RADIO TRANSMISSION AND 
RECEPTION, by D. A. Worsley, student; ELECTRIC- 
ITY IN SyRIA, by Joseph Salem, student. Jan. 26. 
Att. 31. 

Film—‘‘General Electric Enameling Furnace.” 
Feb. 9. Att. 21. 


North Dakota State College 


RECENT DEVELOPMENTS IN MODERN ILLUMINA- 
TION, by O. P. Cleaver, Westinghouse Elec. & Mfg. 
Co. Feb. 5. Att. 93. 

IMPRESSIONS OF ENGINEERING, by Foster Buck. 
Film “The Story of the Glass Bottle.” Joint 
meeting with A.S.M.E. and A.S.C.E. branches. 
Feb. 18. Att. 66. 


University of North Dakota 


ENGINEERING DEVELOPMENTS IN 1931, by L. A. 
Myrand, Westinghouse Elec. & Mfg. Co. Film— 
“Dynamic America.’”’ Feb.17. Att. 32. 

TELEVISION, by O. A. Bondeled, North Western 
Bell Tel. Co. March2. Att. 28. 


Northeastern University 


Tur CATHODE Ray OSCILLOGRAPH, by H. W. 
Samson, Genl. Radio Co. . Demonstrations. Feb. 
17. Att. 82. 


University of Notre Dame 


Motor Contror, by C. J. Maloney, Cutler 
Hammer Mfg. Co. Demonstrations. INCIDENTS 
IN THE DEVELOPMENT OF ELECTRIC TRACTION, by 
P. McCaffrey, student. John Scanlan, student, 
presented the new reviews. Feb. 15. Att. Tee 

MANUFACTURE oF A Rapio TuBE, by W. S. 
Brian, Grigsby-Grunow Co.; DEVELOPMENT OF 
THE INCANDESCENT Lamp, by C. Roberts, student; 
Sounp oN FILAMENT, by L. Simmons, student; 
ENGINEERING CULTURE, by H. E. Ball, student. 
John Scanlan, student, presented the usual cur- 
rent review. Feb. 29. Att. 71. 


Ohio Northern University 


A.C. WELDING, CONCEPTION OF THE ELECTRON 
Tueory, and MeTHops oF LOCATING GROUNDS ON 


POWER LINES, by O. R. Jacobs, student. Jan. 14: 
Att. 19. 

Home LIGHTING, by L. Berger, student. Demon- 
strations. Jan. 28. Att. 9. 
Ohio University 

Firm—“From Mine to Consumer.”’ H. B. Me- 


Crone, Am. Brass Co., explained the film. Feb. 17, 
Att. 55. 


EDISON THREE WIRE TRANSMISSION LINES, by 
R. H. Lloyd, student. March 9. Att. 13. 


Oregon State College 


Lire oF Epison, by B. Blazen, student. SHoRT 
WAVE Rapio TRANSMISSION TO Hawall, by R. W. 
Deardork, Pac. Tel. & Tel Co. Demonstrations. 
Feb. 11. Att. 57. 


Pennsylvania State College 


THE RECENT TUBE DEVELOPMENTS OF INTEREST 
To INpustRY, by H. L. Saxton. Feb. 19. Att. 75. 
University of Pittsburgh 

ELECTRIFICATION OF RAILROADS, by C. E. Cole- 
man, student; Lire or FarRApDAy, by W. Piercy, 
student. Jan.14,. Att. 128. 

OPERATION OF AUTOMATIC TRAIN SIGNALING, 
by H. E. Kallenburger, Union Switch and Signal 
Co. Demonstrations. Jan.19. Att. 87. 

INDUSTRIAL APPLICATION OF VACUUM TUBES, by 
R. Hansen, student. Feb. 4. Att. 127. 

Copr SysTEeM oF CONTINUOUS TRAIN CONTROL, 
by O. L. Zimmerman, student; METHODS oF 
ROLLING STEEL PLATES, by M. Zofchak, student. 
Feb. 11. Att. 120. 


PHOTOELECTRIC CELLS, by Wm. Dambart, stu- 
dent. Feb.18. Att. 126. 

MERCURY ARC RECTIFIERS, by Mr. Atherton, 
Westinghouse Elec. & Mfg. Co. Feb.25. Att. 126. 


Pratt Institute 


Film—*‘Manufacture of Electric Cables.” 
Att. 25. 


ELECTRICITY AND THE PIPE ORGAN, by D. Enslee, 
student. Feb.17. Att. 20. 


Princeton University 


Film—“ Electrical 
Feb. 11. Att. 8. 


Purdue Univ. 


EINSTEIN’S THEORY, by R. J. Kryter, Prest-O- 
Lite Stor. Bat. Co. Feb. 16. Att. 508. 


Rhode Island State College 


TELEVISION, by Messrs. Daly and Downes, stu- 
dents. Feb. 25. Att. 12. 


Rice Institute 
Election of Officers as follows: 


Feb. 4. 


Measuring Instruments.”’ 


E. A. Turner, Jr., 


chairman; G. R. Adams, vice-chairman; J. E. 
Reed, secy.; R. C. Bearmann, treas. Feb. 17. 
Att. 11. 


Rose Polytechnic Institute 


HisToRY AND MANUFACTURE OF CABLES, by 
F. E. Calvert, Gen. Elec. Co. March 3. Att. 36. 


Rutgers University 


THE TWIN FUNCTION OF ENGINEERING, by J. 
Rudnitsky, student. Feb. 16. Att. 17. 

Sweep Circuits oF CATHODE Ray OSCILLO- 
scopr, by B. Schmurak, student. Feb. 23. Att. 
20. 


University of South Carolina 


TELEVISION SCANNING BY MEANS OF CATHODE 
Ray TusBeEs, by R. M. Warren, Jr., student; Un- 
LOADING OF GRAIN Cars, by J. T. Lyman, student; 
DraL TyPE THERMOTEL, by E. C. Willis, student. 
March 10. Att. 55. 


South Dakota State School of Mines 


ComBusTION, by Chuck Laws, Montana-Dakota 
Pwr. Co. Feb. 25. Att. 28. 


University of South Dakota 


Film—‘‘The Single Ridge.”” Feb. 16. Att. 35 
University of Southern California 

Discussion. Feb.3. Att. 15. 

Discussion and moving pictures. Feb. 10. Att. 
31. 


Southern Methodist University 


UNDERGROUND DISTRIBUTION NETWORK SYSTEM 
or DALLAS PowER & Licut Co., by M. M. Lehm- 
berg, student. Feb. 16. Att. 12. 

Luncheon. Feb. 24. Att. 11. 


Stanford University 


Rapio BROADCASTING STATION AT SANFORD AND 
Its EoureMenT, by P. F. Byrne, student; Hicu 
VoLTAGE TRANSMISSION, by Prof. J. S. Carroll, 
counselor. Jan. 14. Att. 28. 
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Inspection trip through the studios of the Natl. 
Broadcasting Co., Inc. Jan. 30. Att. 40. 

TELEVISION, by A. H. Brolley, Television Labs. 
Feb. 4. Att. 68. 

DESIGN OF THE PORTABLE MOTOR GENERATOR 
Ser Wuicnh Was UseD BY THE ByRD ANTARCTIC 
ExpeEpITIOoN, by Mr. Heintz, Heintz and Kaufman. 
Joint meeting with A.S.M.E. Branch. Feb. 10. 
Att. 42. 


Stevens Institute of Technology 


PERSONNEL WoRK IN THE NEW YORK EDISON 
Co., by Prof. F. C. Stockwell, counselor. Feb. 5. 
Att. 38. 

Tur SETTING oF CLocKs By Rapz1o, by Prof. H. 
C. Roters. Feb.16. Att. 26. 


Syracuse University 

Tur Pizzo ELecTRIC EFFECT AND Its UTILIZA- 
TION, by J. L. Schmieder, Jr., student; H1sTory oF 
THE TELEPHONE, by Wm. Bangs, student. Feb. 12. 
Att. 21. 

ConrroL FREQUENCY Broapcast, by L. G. 
Curry, student; ELecrrotysis or CAST IRON PIPE, 
by H. Coswell, student. Feb. 19. Att. 21. 

Tue EARTH AS A CURRENT CONDUCTOR, by F. 
DeBoalt, student. Feb. 26. Att. 21. 


A. & M. College of Texas 

SomE DEVELOPMENTS BY G.E. IN 1931, by W. 
Clayton, Gen. Elec. Co. Illustrations. VARIOUS 
G.E. Propucrts, by Mr. Alen, Genl. Elec. Co. Feb. 
11. Att. 94. 

Tuer ELECTRICAL INDUSTRY OF TODAY, by Dr. 
_ C. E. Skinner, pres. A.I.E.E., asst. director of engg., 
Westinghouse Elec. & Mfg. Co. Feb. 25. Att: 
800. 


Texas Technological College 


Lirg or Tuomas A. Epison, by W. Nott, student. 
Slides. Feb. 11. Att. 14. 


University of Texas 


HARMONIC ANALYSIS OF DISTORTED WAVE Form, 
by Dr. S. L. Brown. Feb. th Ate 


University of Utah 

Ture History or AMATEUR Rapio, by L. K. 
Irvine, student. Discussion. Jan. 28. Att. 37. 

DEBATE: RESOLVED: THAT THE ENGINEER 
Has Causep THE Despression. Affirmative—D. 
Ashby, R. C. Hansen, students. Negative—S. 
Ramo, R. Kirkman, students. Negative side won. 
Feb. 25. Att. 36. 


University of Vermont 


Tur ErFect oF ELECTRODE SHAPE ON HIGH 
VoLTAGE STRESSES IN INSULATORS, by Mr. Whit- 
man. Illus. Feb. 15. Att. 19. 


Virginia Polytechnic Institute 


Licut RELAYS AND LIGHT SOURCE UNITS, by 
R. W. McCorkle, student; PowrR AUXILIARIES, 
by H. E. Naylor, student; Active AND INACTIVE 
DurTIES oF THE ADVANCED R.O.T.C. STUDENT, by 
M. H. Mills, student; Evrecrric HEATING AND 
Woop Brock FLoor Construction, by C. K. 
Luck, student. Feb. 11. Att. 47. 

METHOD OF WEIGHING SMALL PARTICLES, by 
W. C. McCall, student; Om FILLED CABLEs, by 
W.L. Outten, student; THe PREREQUISITES OF AN 
ELECTRICAL ENGINEER, by G. R. Snyder, student; 
Hicu SPEED SUBMARINE CABLES, by A. I. Osborne, 
student; NEW PowER TRANSFORMERS, by T. E. 
Gilhooley, student; ELECTRICAL OPERATION OF 
DrepcEs, by A. L. Pond, student. Feb. 18. Att. 
54. 

Use or NaturAL Has FOR GENERATING ELEC- 
TRICAL ENERGY, by J. H. Pharis, student; THREE 
PowER Locomotives, by J. E. Hamm, student; 
ELECTRO-PLATING, by A. M. Potts, student; THE 
Economic PHASE OF ELECTRIFIED RAILROADS, by 
W. C. Cottrell, student. Feb. 25. Att. 54. 

THE OscriLLocRapH, by H. A. Frazier, student; 
Tue Lire or SAMUEL Morsg, by R. E. Philbeck, 
student; Loap Ratio CONTROL FOR TRANS- 
FORMERS, by C. L. Tune, student; DEVELOPMENT 
OF TRANSCONTINENTAL RADIO TELEPHONES, by 
D. H. Smith, student; Dra, System AUTOMATIC 
TELEPHONES, by E. L. Rowell, student. March 3. 
Att. 50. 


University of Virginia 
THE QUALIFICATIONS OF AN ELECTRICAL ENGI- 
NEER, by R. B. Jones, student; TRAFFIC OPERATED 


TRAFFIC SIGNAL, by B. G. Switzer, student; 
BELIEVE IT OR NoT—PERTAINING TO ELECTRICAL 


ENGINEERING, by T. J. LoCascio, student. Feb. 
12. Att. 26. 
Washington State College 

Election of officers as follows: Philip Nalder, 
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T. Torkelson, vice-pres.; Gus H. Bliesner, 
Jan. 29. Att. 22. 


Power PLANT ACHIEVEMENTS FOR 1931, by R. 
Uhlig, student; LEvecrricaL INSTRUMENTS, by 
Prof. O. E. Osburn, counselor, Feb. 12. Att. 26. 


pres.; 
secy.; H. Brittenham, treas. 


University of Washington 


TELEVOX, by W. Blashfield, student. 
Att) 1. 

ELECTRICAL REFLECTIONS IN INDUCTION MorTors, 
by D. J. Moore, student. Feb.11. Att. 15. 

Tue PusBLic UTILITIES PLACE IN THE ELECTRICAL 
InpustrRy, by H. A. Gardner, Puget Sound Pwr. & 
Lt. Co: Febsisn Att. 172 

Film—‘‘Conowingo.” Feb. 25. Att. 72. 

DIABLO-SEATTLE TRANSMISSION LINE, by C. M. 
Lubcke, Engg. Dept., City of Seattle. March 5. 
Att. 27. 


West Virginia University 


History oF RATE Makinc, by H. Locker; 
DrigsEL ENGINES AS PEAK Loap Units, by L. 
Palmer; AN INTERVIEW OF Dr. H. C. RENTSCHLER, 
by P. B. Spangler; ENGINEERING FEATURES OF 
THREE PowrER Locomotives, by E. D. Harris; 
REMOTE READING oF Watt Hour METERS, by 
L. P. Kirwin; Vacuum TuBeE History, by K. H. 
DeMoss; THE Dynamic RADIO MICROPHONE, by 
P. M. Vannoy; all students. Feb. 9. Att. 31. 

PoWER FOR AN ARCTIC ELEVATOR, by J. L. 
Simpson; AuTOMATIC COMBUSTION CONTROL, by 
R. H. Co_tsporn; Mer8AsuRING HicH RApIOoO FRE- 
QUENCIES, by N. I. Hall; SHocks Dug To ELEC- 
Tricity, by L. H. Winger; CoMMUNICATION IN THE 
Wa.porr AsTorRIA, by M. Stewart; PHOTOELEC- 
TRIC RECORDER, by W..C. McMillian; ForRrIGN 
Joss, by W. C. Sandy; all students. Feb. 16. 
Att. 31. 

DEVELOPMENT OF THE CHINESE ELECTRICAL 
InpDuUsTRY, by M. Sprigg; REMOTE READING OF 
Watt Hour METERS, by D. C. Kennedy; ELrcrric 
HEATING IN Woop BLockK FLOOR CONSTRUCTION, 
by J. E. Wallace; Corona VERSUS CONDUCTOR 
SuRFACE, by F. O. Brown; TRANSOCEANIC RADIO 
TELEPHONE SERVICE, by C. J. McCormick; all 
students. Feb. 23. Att. 29. 

Gas ELectric RAILway Car, by R. H. Colburn; 
ALL WAVE RaApIo RECEIVER, by N. I. Hall; Exvxc- 
TRICAL UNITS AND THEIR APPLICATION, by C. J. 
DeLancy; ELEmcCTRICITY ON THE AIRSHIP AKRON, 
by L. H. Winger; ReEpucinGc Noises FRoM POWER 
TRANSFORMERS, by W. C. Sandy; all students. 
March 1. Att. 29. 


Feb. 4- 


University of Wisconsin 


THE PRIVATE LIFE oF MICHAEL FaRApDAyY, by 
M. L. Dack, student; Micnart FArapaAy’s Ex- 
PERIMENT, by P. E. Patterson, student; ELEcTRI- 
CAL RESEARCHES OF FARADAY, by J. K. Affanasiey, 
student. Dec. 10. Att. 47. 

Dancinc Conpuctors, by W. A. Kuehlthau, 
student. Moving pictures. Jan. 19. Att. 64. 

ELECTRICAL ENGINEERING ONLY? by Charles 
Moore, Bell Tel. Labs., Inc. Feb. 11. Att. 76. 


University of Wyoming 


ELECTRON THEORY, by Dr. P. F. Hammond, 
head, physics dept. Joint meeting with A.S.M.E. 
Branch. Feb. 23. Att. 17. 


Addresses Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., New 
York, N. Y. 


Borer J., c/o Genl. Elec. Co., Schenectady, 


Bugg, Vernon, 736 Transportation Bldg., Washing- 
ton, D.C. 
ae Clinton R., 13564 Northlawn Ave., Detroit, 
ich. 
Fay, John L., Genl. Del., Philadelphia, Pa. 
King, Milton E., 1521 Laketon Rd., Wilkinsburg, 
a, 


Master, J. J., 36-7 Canning St., Calcutta, India. 
beh io Tatsuo C., 1330—4th St., Sacramento, 
alif. 
Palit, Hari-Charan, 151 Ganesh Mohal, Benares 
City, India. 
Rogge, C. A., Consumers Pwr. Bldg., Jackson, 


nectady, N. Y. 
Titand, Trygve T., 1019 Stanton Ave., Elizabeth, 
J 


Van Der Dussen, John, 114 Gotham Ave., Gerritt- 
sen Beach, B’klyn, N. Y. 


Peteeeslonerrecerst Notes 


Of the Engineering Societies Employment Service 


Men 
Available 


Construction 


DISTRIBUTION ENGR., 29, married, tech. 
grad. 8 yr. experience in utility field as supt., 
mer., engr. foreman, and lineman. One year con- 
structing municipal power andice plant. Eighteen 
months elec. installation in large industrial estab- 
lishment. Available immediately. Location, im- 
material. D-442. 


ASSOC. E.E., 25, 8 yr. practical experience in 
elec. construction work on new bldgs., power plants, 
and alterations. Familiar with all branches of 
elec. contracting including field engg. and inspec- 
tions. Has had complete charge of elec. design 
and construction outside of New York City. 
Excellent references. D-502. 


ELEC. CONSTRUCTION ENGR., E.E. Grad., 
1928, 28, married. 31/2 yr. experience with large 
elec. contractor in estimating, design, control work 
and field supervision. Also 3 yr. experience in 
accounting, cost and stenographic work. Excellent 
references. Available immediately. D-46. 


E.E., 33, with 10 yr. practical experience in elec. 
construction work on new bldgs. Familiar with all 
branches of elec. contracting including estimating, 
field engg. and purchasing. Have been in complete 
charge of elec. work in various large building proj- 
ects in New York City. A-850. 


Design and Development 


E.E. GRAD., 35, single, mfg., maintenance, 
operation, designing experience. Inventions. 
Foreign languages. Desires responsible position 
with mfg. industry. (Development or production. 
Transformers; elec. locomotives; control, etc.) 
Location, immaterial; eastern preferred. D-452. 


FORMER CORNELL INSTRUCTOR IN 
MACHINE DESIGN for 4 years, Allis-Chalmers 
designer and checker 5 years, M.E. and E.E. 
deg., shop apprenticeship and miscellaneous ex- 
perience, 32, single. Desires teaching or engg. 
opportunity. Salary open. D-122. 


DESIGN ENGR.., col. grad., 38, married, citizen; 
6 yr. elec. plant construction, wide experience all 
features design of pwr. and substations and indus- 
trial light and pwr., 3 yr. field experience as tester 
and supervisor. Desires position with utility, 
engg., or construction firm. Available immediately 
location, immaterial. D-482. 


ELEC.-MECH. ENGR. with metallurgical 
knowledge. Col. grad. with post-graduate study, 
30, married. Westinghouse design training. 6 yr. 
experience design elec. circuits and mechanical 
details of control apparatus, specialized in elevator 


equipment. Interested in alloy welding research. 
rete immaterial. Available on short notice. 
-9638. 


E.E., GRAD., M.I.T. 1925, 30, married, 6 yr. 
utility design and engg. Capable complete elec. 
design steam, hydro station, high-, low-voltage 


ELECTRICAL ENGINEERING 


ee 


substations. Short circuit, relay studies large net- 
works. Knows industrial control design. Avail- 
able at once. Location not important. C-6366 
322-C-5-San Francisco. 


DESIGN ENGINEER, E.E. GRAD., 10 yr. 
power plant, d-c. rectifier substations, industrial and 
illumination experience. Expert draftsman, mathe- 
matician, knowledge of vacuum tubes, photocells, 
and their application in industry. Contributed 
many articles in engg. journals on original develop- 
eras East preferred, available immediately. 


E.E. GRAD., 45, married, G. E. Test and design 
experience; over 15 years’ experience with larger 
companies in design and manufacture of trans- 
formers for special requirements, as well as standard 
lines. Desires position with utility or mfr. where 
experience will be valuable. Available on short 
notice. C-8806. 


E.E. GRAD., 1930, 23, single, cooperative ex- 
perience. 3 yr. with utility in central station 
design and construction. 1 yr. designing automatic 
pumping installations, floodlighting and general 
lighting, carrying full responsibility for all designs. 
eae immediately. Location, East preferred. 


E. E. GRAD., 27, married. 5 yr. experience 
elec. and mech. design motors, fractional hp. to 
600 hp. a-c. and d-c. 1 yr. experience substation 
and transmission line design. Grad. radio school. 
Thoroughly familiar with mfg. problems. Capable 
of assuming responsibilities of design. Nationally 
known references. Location, immaterial. Avail- 
able immediately. D-565. 


E.E. GRAD., 29, single, 2 yr. additional study in 
accounting. 5 yr. experience elec. and mech. 
design and development of fans and small motors 
with leading mfr. Desires position with mfg., 
utility or engg. concern or teaching elec., mech. 
drawing. Location, East. D-580. 


ELEC. AND MECH. DESIGN ENGR., 48, 
E.E. grad., LL.B. and attorney at law. Power 
houses, substations and gen. steel mill engg. with 
special training in legal work connected with in- 
dustrial concerns. Available at once. Preferred 
location, Ohio or Pittsburgh district. D-589. 


E.E., 38, single. 13 yr. experience in design of 
mchy., apparatus, substations, hydro and steam 
pwr. plants with well known concerns, 61/2 yr. in 
last position. Desires connection with concern 
where ability and adaptability will lead to advance- 
ment. C-347. 


Executives 


CONSTRUCTION: ASSOC. E. E., 32, 16 yr. 
practical experience, elec. construction on new 
bldg. and repair work, familiar with all branches 
of elec. contract work including estimating, engg., 
purchasing, and inspection. 10 yr. in charge of 
elec. contract dept. for an elec. contractor. Loca- 
tion, immaterial. Available immediately. Salary 
open. D-478. 


E.E. GRAD., married, 23 yr. experience in engg. 
and exec. capacities in industrial plants covering 
design, layout, contracting and purchasing of mfg. 
equip. and power plants including mech., elec., 
refrigerating, air-conditioning, and new processes 
for soap, drug, candy food products, and textile 
plants. D-488. 


E.E., B.S. M.S. deg. 
and industrial applications. 
desired. D-498. 


E.E. GRAD., 35, married. 5 yr. experience in 
system operating planning with utility, also sales, 
construction and some elec. maintenance experience. 
Past 2 yr. as design engr. with large elec. mfg. com- 
pany. Can become valuable in any position. 
Exec. desired. Available now. Location, imma- 
terial. B-7827. 


GRAD. E.E., professional engr. license N. Y. 
State, 10 yr. experience elec. pwr. plants, substa- 
tions, distribution, lighting, industrial installations, 
and specifications, wishes connection with firm 
which can use man possessing cnief characteristics 
as: Speed, thoroughness, willingness to work hard, 
accuracy, energy. Part or full time. Excellent 
references. D-454. 


GRAD. E.E., 32, single. 9 yr. design and con- 
struction of pwr. transmission lines, substations and 
distribution networks as engg. inspector, purchas- 
ing, expeditor, preparing estimates and writing 
specifications. Excellent references. Desires con- 
nection with holding or operating company, con- 
tractor or mfr. Available immediately. Location, 
immaterial. C-3564. 


E.E. GRAD., 4 yr. experience, drafting, design, 
construction, and engg. of modern hydro and steam 
pwr. plants, substations and ry. electrification. 
51/2 yr. with leading mfg. concern in engg. of auto- 
matic and manual switchgear equipment. Foreign 
languages. Desires position, utility, engg., mfg. 
orry. concern. Location, immaterial. B-7938. 


E.E. GRAD., 26, married. 5 yr. with engg. 
dept. of holding company until merger, full ex- 
perience in design, supervision and construction of 


45, experienced in utility 
Permanent position 
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ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


57 Post St. 
San Francisco 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 

in cooperation with the Western Society of Engi- 

neers, Chicago, and the Engineers’ Club of San 

Francisco. An inquiry addressed to any of the 

three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month’s interval. 
Names and records remain on file for three months; 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


substations and transmission’ lines. One year 
G. E. Test. Licensed electrician. Knowledge of 
radio testing and servicing equip. Available im- 
mediately. D-568. 


E.E., 36, family. 15 yr. with engg. organiza- 
tions: reports, designs, layouts, construction, per- 
formance tests, contracts and purchase, large in- 
dustrial plants, utility pwr. plants, substations and 
network distribution systems; executive experi- 
ence. Registered in Pa. Unemployed. Prefers 
consulting, maintenance, design, sales work in 
East, but will consider any location. C-2570. 


E.E., Univ. of Va., 1924, single, desires place 
requiring hard-working tech. engr. of genl. ex- 
perience in engg. dept. of utilities and cable mfr. 
on transmission circuits, elec. measurement and 
equip., inductive coordination, and insulation and 
cables in particular. Will accept temporary posi- 
tion in U.S. to prove ability. C-2282. 


E.E.GRAD.,37, married. 4 yr. design on motors, 
control, steam turbines and engines. 8 yr. pro- 
duction, development, experimental work on cen- 
trifugal pumps and air compressors, elec. control 
equip. B-6926. 


BE.E. AND ESTIMATOR, 26 yr. experience, 
estimating, supervising and engg. for contractors, 
engg. for architects, etc., would like position with 
elec. contractor. Best of references. East or 
South preferred. C-8460. 


E.E. GRAD., 14 yr. experience utilities in valua- 
tion work, rate investigations, engg. pwr. plants, 
substations, transmission lines, including estimates, 
specifications, design. Experience covers _short- 
circuit studies, stability analysis, investigations of 
systems for load conditions. Desires position 
holding or operating company, or engg. firm. 
Available immediately. C-9570. 


E.E. GRAD., experienced in elec. pwr. field 
desires position with pwr. company or mfg. firm. 
Able to supervise drafting, construction, and main- 
tenance. B-1923. 


CHIEF E.E., 36, E.E. grad. Extensive experi- 
ence charge of design, construction, operation, 
maintenance plant, substations, transmission, 
trolley, telephone lines; maintenance elec. rolling 
stock, steam train lighting, elec. drive, lighting 
equip. factories, shops, offices, etc. Record of 
rapid advancement. Good organized. Successful 
handling Latin-American labor. Speaks Spanish. 
School grounding in French. C-9557. 


E.E., experienced in load forecasting for economi- 
cal planning for future growth. Established 
methods and records for systematic handling of 
estimates on property including 300 communities. 
Familiar with unit costs, estimates, and budgeting. 
Also experienced in elec. planning, design, and con- 
struction of transmission, substations and distribu- 
tion. B-2876. 


TECH. GRAD., married, 38, with 11!/2 yr. 
experience as distribution, field and office engr.; 
41/2 yr. tests, shop and construction work; desires 
position in engg. or operating dept. of utility. 
Location, immaterial. Available immediately. 
B-9248. 


Instruction 

GRAD. E.E., 1929; M.S. deg. 1931, Ohio State 
Univ. Ph.D. requirements partially completed. 
Experience in the fields of telephony, acoustics, and 
ry. signalling. Desires engg. or teaching position. 
Location, immaterial. D-475. 


GRAD.; E.E., M.I.T., 35, married. 6 yr. 
industrial and teaching experience in E.E. Several 
years private research and development work on 


905 West Wacker Drive 
Chicago 


31 West 39th St. 
New York 


Opportunities—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions—Members benefiting 
through this service are invited to assist in its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Answets to Announcements.—Address the key 
number indicated in each case and mail to the New 
york office, with an extra two-cent stamp enclosed 
for forwarding. 


own initiative. Good ability, integrity, and per- 
sonality. Desires position for life work. Location 
preferred, Middle West or South. C-2826. 


ENGINEER-INSTRUCTOR; B.S., M.A.; 36, 
married. Desires college teaching connection. 
Teaching and !ecturing experience, 10 yr. research 
and radio experience. Can teach E.E., radio, and 
physics. Available in fall or summer. C-1087. 


PROF. OF E.E., B.S., and E.E. deg. 41, 6 yr. 
successful experience teaching practically ll 
branches of E.E., state school. Considerable 
experience power, telephone work. 1 yr. switch- 
board engg. dept. Westinghouse. Available school 
year 1932-33. C-5021. 


E.E. GRAD., 33, married. 31/2 yr. service engr. 
on pwr. and industrial apparatus and control. 2 
yr. instructor in E.E. at state univ. 2 yr. trans- 
former design and genl. engg. 1 yr. pwr. and sub- 
station construction. Desire engg. opportunity or 
teaching. C-1073. 


E.E. PROF., B.S., and E.E., 33, married. 21/3 
yr. G.E. Co., 5 yr. with utility, 4 yr. teaching, 1 yr. 
as acting head of dept. Desireschange. Location, 
South or Middle West preferred. C-7152. 


ASST. PROF. E.E., leading tech. col. of East, 
desires position, industrial concern where knowledge 
and experience gained in 14 yr. teaching funda- 
mental courses in E.E. can be utilized in develop- 
ment, research, construction. M.I.T. graduate, 
married, 35, perfect health. Interested especially, 
elec. measurements, measuring instruments. Erx- 
perienced draftsman, checker. D-581. 


Maintenance and Operation 

E.E., GRAD., married, 28; wide experience in 
industrial plant elec. construction and _ mainte- 
nance; ry. electrification; pwr. plant design, esti- 
mating, and supervistory construction experience 
with elec. contractor; cost analysis. Desires posi- 
tion with future. C-4428. 


E.E. GRAD., 1928, 6 yr. hydro and steam 
plant elec. operation and maintenance, 5 yr. office 
and cost accounting. Would desire position with 
utility or mfg. concern in any part of U. S. or 
foreign. Salary secondary to opportunity. C-7796. 


Junior Engineers 

E.E., 28, married. Experienced in capacity of 
load dispatcher of pwr. Co., having interconnections 
with other companies. 6 yr. college work, includ- 
ing business training. D-468. 


GRAD. E.E. 1931, Rensselaer Poly. Inst., single, 
23. Desires position with any reliable engg. firm 
with opportunity for advancement. Salary im- 
material. Wideengg. training. Best of references. 
Location, Eastern preferred or will consider any 
location. Available immediately. D-470. 


E.E. GRAD., 1929, 26, single. 3 yr. experience 
in oil burner control equip. 11/2 yr. head of experi- 
mental test dept. of large mfr. of automatic heat 
control equip. Location preferred, Middle West. 
Available at once. D-486. 


E.E. GRAD., 1931, single, 22. Experience in 
Grafting and design of switches and pwr. distribu- 
tion panels. Desires position in utility service and 
transmission of pwr. Also interested in research in 
the various branches of physics. Location, im- 
material. Available immediately. D-471. 


E.E. GRAD., 1929, M.S. 1931, leading univ., 18 
months G.E. Test, 23, single. Desires to teach 
in tech. univ. Prefers Mid-West. C-9320. 


E.E. GRAD., 22, 10 months’ experience on con- 
struction. Desires employment with utility, engg., 
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References furnished. Available 


or mfg. concern. 
C-9885. 


with short notice. 


E.E. GRAD., 24. 3 yr. experience in industrial 
installation and control. Dull experienced with 
a-c. or d-c. elec. automatic drives and control. 


Desires position with utility or mfg. concern. 
Location, immaterial. Available on month’s 
notice. C-8763. 


GRAD. E.E., Univ. of North Carolina, 1931, 
22, single. Extra study liberal arts and commerce 
schools. Desires position any engg. field, prefer- 
ably telephone work. Four summers experience, 
Ill. Bell Telephone Co., installation and mainte- 
nance. Salary immaterial at start. Any location, 
foreign or U.S. Available immediately. D-527. 


E.E. GRAD., 1931, 25, single, cooperative col- 
lege. Limited experience with battery mfg. con- 
cern. Desires-position with a future. Salary and 
location secondary. Available at once. D-534. 


JUNIOR PHYSICIST experienced in X-rays, 
spectroscopy and elec. measurements available for 
research lab. or instructorship. M.S., Purdue, 


1932. Speaking and reading knowledge of German 
and Spanish. At present asst. in physics. Avail- 
able July. C-7387. 

ELECTROCHEMICAL ENGR., 26, single. 


B.S. in E.E. and Ch.E. 3 yr. experience as field 
service engr., recording and controlling instruments. 
Also some sales. Refrigeration, time study and 
industrial engg. training. D-507. 


GRAD. E. E., 1931, 24, specialized in hydraulics, 
Has had experience in large hydro plant. Desires 
position in the elec. industry. Location, imma- 
terial. Available immediately. D-543. 


E.E. GRAD., 1929; 27. 2 yr. on test floor of 
Westinghouse; also knowledge of radio and sound 


reproducing equip. Will accept small salary. 
Location, immaterial. Available now. D-542. 
JR. ENGR., 22, single, 1932 grad. Desires 


position in elec. industry, preferable radio or one 
of its affiliated branches. Licensed radio operator. 
Salary secondary to opportunity. Available on 
short notice. Location, U.S. or foreign. D-544- 
323-C-1-San Francisco 


GRAD. E.E., 1929, single, 23. 15 months stu- 
dent engr. on G.E. Test. Some test, drafting, and 
switchboard construction experience before gradua- 
tion. Interested in position with concern doing 
consulting or construction work or with utility or 
mfr. Available at once. Location, anywhere in 
U.S. but New England preferred. C-8028. 


E.E., Cornell Univ., 1931, E.E. deg., single, 22. 
Holds limited broadcast operator’s license. De- 


sires position in any elec. engg. field. Available 
immediately. D-519. 

E.E. GRAD., 1931 M.I.T. (communications), 
23, single. Radio experimenter for 10 years. 


Experience in radio repairing. Desires employ- 
ment preferably in research or design work with 
radio, elec. instrument, television, or sound concern. 
East preferred, but elsewhere considered. Salary 
secondary. Available on short notice. D-553. 


E.E., GRAD. 1929, 25, single, Phi Kappa Phi. 
11 months, G.E. Test followed by 2 yr. on G.E. 
switchgear engg. covering application, development, 
testing, specifications, field servicing. Good scho- 
lastic and efficiency record. Desires connection 
with utility or engg. corp. Willing to start at 
bottom. U.S. or foreign. D-560. 


E.E. GRAD., 1931, Univ. of Wash., 22, single. 
Will accept any position, any location. Research 
preferred. Good scholastic record. D-569. 


GRAD. E.E., Stanford Univ., single, 24, desires 
connection with utility, sound picture industry, or 
radio mfg. firm. Experienced in genl. office work. 
Good draftsman. Location, immaterial. D-571. 


E.E. GRAD., 1931, midwestern col., single, 24, 
American. Excellent scholastic record. Desires 
teaching opportunity. Will teach E.E., mathe- 
matics or mechanics. Location, immaterial. 
D-570. 


E.E. GRAD., 1930, 23, single, 15 months on 
G. E. Test giving test experience with railway 
equipment, rectifiers, industrial apparatus, indus- 
trial control, and refrigeration developmental. 
Desires position with utility or mfg. concern. 
Available at once. D-409. 


GRAD. E.E., 1931, midwestern col., 4, single. 
3 yr. experience in genl. maintenance, construction 
and motor testing. Location, immaterial. Avail- 
able at once. D-572. 


E.E. GRAD., 1931, Lehigh Univ., 22, single. 
Summer experience with utility or industrial con- 
cern. Eastern states preferred, but other locations 
considered. Available at once. D-301. 


E.E. GRAD., 1931 from Worcester Poly. Inst., 
member Sigma Xi, 22, single, desires connection 
with utility concern, industry, or with teaching, also 
interested in drafting. Location, immaterial. 
Available at once. D-228. 
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E.E. GRAD., Univ. of Pittsburgh, ’31, coopera- 
tive col., single, 23. Westinghouse test and Bell 
Telephone experience. Desires many kind of engg. 
or engg. sales work in Eastern part of U.S. D-594. 


E.E. GRAD., 1930, E.E., 1931, from Univ. of 
South Carolina, 23, single. 6 months’ experience 
with South Carolina Pwr. Rate Investigating Com- 
mittee. Able and willing to do practically any 
type of engg. work. Available immediately. Lo- 


cation, immaterial. Can give best of recom- 
mendations. D-595. 
Research 


RESEARCH AND PATENT ENGR. in radio 
and television field as well as in genl. elec. engg. 


IM essa Genel bras 


seeks permanent connection with a stable organiza- 
tion. D-516. 


E.E. GRAD., M.I.T., cooperative, 28, single, 
4 yr. experience in planning section of large utility 
making transmission studies, field tests, and foreign 
wire relations. Wants connection with ry., utility, 
or mfr. anywhere in U.S. Available on short 
notice. D-536. 


Sales 


MANUFACTURERS AGT. OR SALES ENGR. 
Southern Calif., 48, 10 yrs engg. work, 12 yr. sales 
including 5 yr. South Am., good ability, integrity, 
personality, and knowledge of Spanish, used to 
pioneering and hard work, salary or commission, 
part or alltime. B-9095. 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
March 2, 1932, recommended the following mem- 
bers for transfer to the grade of membership indi- 
cated. Any objection to these transfers should be 
filed at once with the assistant national secretary. 


To Grade of Member 


Armstrong, Emerson A., mer., pwr. sales, Pub. Serv. 
Co. of Northern Illinois, Chicago 

Bunch, Charles H., secy.-treas., Acme Elec. & Mfg. 
Co., Cleveland, O. 

Chatham, Clyde L., engr., Pub. Serv. Elec. & Gas 
Co., Newark, N.J. 

Ebert Edward, Jr., asst. engr., Bklyn. Edison Co., 
Brooklyn, N.Y. 

Grandy, Lewis S., assoc. prof. of elec. engg., Texas 
Tech. Col., Lubbock, Texas 

Hauser, Oscar E., engr., meter dept., Detroit Edison 
Co., Mich. 

Manby, A.W., supt., Chatts Falls Dev., Hydro. 
Pwr. Comm. of Ontario, Fitzroy Harbour, Ont. 

Morrison, John W., ch. engr., Rochester Telephone 
Corp: 7 N.Y. 

Parmenter, Robert J., designing engr., Pub. Serv. 
Co. of Northern Illinois, Chicago 

Pierce, Donald A., engr., inductive coordination 
Pub. Serv. Co. of Northern Illinois, Chicago 

Schneider, Matthew S., operating engr., Union Gas 
& Elec. Co., Cincinnati, O. 

Tarboux, Joseph G., prof. in charge of elec. engg. 
dept., Univ. of Tennessee, Knoxville 


Applications 
for Election 


Applications have been received by the secretary 
from the following candidates for election to 
membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so in- 
ee assistant national secretary before April 


Andersen, A. W., University of Mich., Ann Arbor. 
rag hay R. W., Elec. Installation Co., Boston, 
ass. 

Ballard, H. N., Puget Sound Pwr. & Lt. Co., 
Seattle, Wash. 

Barrett, C. B., Western Elec. Co., Kearny, N. J. 

Bateman, I. L., City of Los Angeles, Calif. 

Beall, M. F., Univ. of Mich., Ann Arbor. 

Bell, G. M., Canadian Westinghouse Co., Hamilton, 


Ont. 
Beyer, N. S., Price Waterhouse & Co., San Fran- 
cisco, Calif. 
(Member), Coy 


Bissell, oC. A. 
Syracuse, N. Y. 

Blackmon, H. N. (Member), Westinghouse Elec. & 
Mfg. Co., E. Pittsburgh, Pa. 

Bugnion, F. E., 14 Clinton St., Cambridge, Mass. 

Callicott, J. B., Pub. Service. Co. of No. IIl., 
Northbrook. 

ag Se A. I., 10010 Parkgate Ave., Cleveland, 


to) 

Carlson, C. N., 264 Glenwood Ave., E. Orange, N. J. 

Church, P. T., Kim Bean Co., Kim, Colo. 

Clark, H. D., Conn. Lt. & Pwr. Co., New Britain. 

Coe. J. C., War Dept., Wright Field, Dayton, Ohio 

Cook, F. R., Westinghouse Elec. & Mfg. Co., 
E. Pittsburgh, Pa. 

Craig, R. M., Hartford Steam Boiler Inspec. & 
Ins. Co., Pittsburgh, Pa. 


Crouse-Hinds 


Cramer, H. B., Brooklyn (N. Y.) Edison Co. 

Dame, F. E., New York (N. Y.) Edison Co. 

Dean, C. F., Chevrolet Motor Ohio Co., Toledo 

Dee, T. C. (Member), 808 Third St., Jackson, Mich. 

Devitt, W. E., Gen. Elec. Co., Schenectady, N. Y. 

Dilsr Be Union Gas & Elec. Co., Columbia Park, 
io 

Dozer, H. E., Nat. Elec. Prod. Corp., Cleveland, 


hio 
DuBois, W. R., DuBois Radio Serv., Mogadore, 


io 
Eggleston, L. A., Cornell Univ., Ithaca, N. Y. 
Engster, F. W., Gen. Elec. Co., Schenectady, N. Y. 
Ewald, G. A., Pub. Serv. Elec. & Gas Co., Newark, 


Nays 

Ferrin, A. J., 502 North Jackson, Pratt, Kans. 

Fey, H. J., Univ. of Wash., Seattle. 

Forbes, A. G., Fred Hall’s Ranch, Eden, Tex. 

dercy es E. D., Okla. Gas & Elec. Co., Oklahoma 

ity. 

Frederiksen, V., Nat. Armature & Elec. Wks., 
Bluefield, W. Va. 

Gaskins, D. W., Harry Alexander, Inc., Washing- 
ton, D.C. 

Gay, T. R., Standard Stations Inc., Pasadena, Calif. 

Gierisch, W. C., Houston Ltg. & Pwr. Co., Texas 

Goloff, M. J., Can. Westinghouse Co. Ltd., Hamil- 
ton, Ont. 

Gomez-y-Gomez, T., 630 Terrace Place, Schenec- 
tady, N. Y. 

Grant, C. A., 726 Univ. Ave., Syracuse, N. Y. 

Grooms, A. O., Circuit Breaker Co., Columbus, 


Ohio 

Haas, A. H., Brigham Sheet Gelatine Co., N. Y. 
City 

Habich, C. A., Ewing Von Allmen Dairy Co., 
Cecilia, Ky. : 

Harrison, W. P., Okla. Gas & Elec. Co., Oklahoma 


City 
Hartman, F. E., 2307 No. 40th St., Milwaukee, Wis. 
Hartmann, C. S., Iowa State Col., Ames 
aba a J., Pac. Tel. & Tel. Co., Santa Clara, 
alif. 
Heller, W. C., Commonwealth of Pa., Dept. of 
Labor & Industry, Harrisburg 
Helwig, W. O., Speer Carbon Co., Milwaukee, Wis. 
Henderson, J. T., Gen. Elec. Co., Schenectady, N. Y. 
Hinde, E. J., Univ. of Wash., Seattle 
Hoefer, re G., Jr., 615 Park Place Dr., Chapel Hill, 
N 


Hoenie, N. J., Lincoln Elec. Co., Cleveland, Ohio 

Hogg, R. T., Chicago Dist. Elec. Gen. Corp., 
South Chicago, II. 

Holtz, C. F., New York Central R. R., N. Y. City 

Hosselbarth, G. J., 1916 Himrod St., Bklyn., N. Y. 

Hughes, J. S., Southern Bell Tel. & Tel. Co., 
Atlanta, Ga. 

Ibach, W. R., The Milwaukee Elec. Ry. & Lt. Co., 


Wis. 
Johnson, F. C., Stanford Univ., Stanford Univ., 


alif. 

Johnson, G. C., Mich. Bell Tell. Co., Detroit 

Jones, E. R., Kansas City Pwr. & Lt. Co., Mo. 

Kalachov, P. D., Univ. of Mich., Ann Arbor 

Keachie, E. C., State of Calif., Los Angeles 

wee a paee E. F., Jr., 1624 E. 8th St., Des Moines, 

owa 

Kiger, T. E., Mt. Airy, No. Car. 

Knapp, D. A., Univ. of Calif., Berkeley 

Knudson, C. M., Nevada Mass. Co., Mill City, 
Nevada 

Koso, K. W., Kansas City Pwr. & Lt. Co., Mo. 

Kriebel, W. K., Eastern State Penitentiary, Grater- 
ford, Pa. 

Kullgren, G. V., Shell Petroleum Products, Love- 
land, Colo. 

Lamm, R. H., E. Howard Clock Co., N. Y. City 

Larson, L. J., Hexcel Radiator Co., Milwaukee, Wis. 

Leeming, H. H., E. J. Cheney, N. Y. City 

Leggett, F. E., 940 Jefferson Ave., Gainesville, Fla. 

Lehikoinen, R., 380 South St., Fitchburg, Mass. 

Levine, V. A., Brooklyn (N. Y.) Edison Co. 

Lorenzen, L. M., Rockwell, Iowa 

Luckert, A. A., 159 Russell St., Bklyn., N. Y. 
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McCartin, C., Barber Colman Co., Rockford, Ill. 

McClavin, ise it A etna Telephone Corp., N. Y. 

McKinney, F , Southern Bell Tel. & Tel. Coz, 
Ashland, Ky. 

McKinney, 7. Bell Tel. Co. of Can., Toronto, Ont. 

McLean, W. H., Harvard Univ., Cambridge, Mass. 

Metcalf, D. J., 2131-3rd Ave. West, Vancouver, 
B. C., Can, 

Micka, T. ap Baker, Mont. 

peitcnell, E . C. (Member), Brooklyn (N. Y.) Edison 


Moauro, J. S., 50 Cherry St., hia a ga ole 

Moore, i LA Univ. of Toronto, Ont., 

Morse, W Re Univ. of Wash., Seattle 

Murray, W. R., Univ. of Mich., Ann Arbor 

Myers, R. R., Elec. Maintenance & Engg. Wks., 
Woonsocket, R. I. 

Osterholtz, F. F., Westinghouse X-Ray Co., Inc., 
Cincinnati, Ohio 

Paintin, E. L., Ill. Bell Tel. Co., Chicago 

penn bavi Puget Sound Pwr. & Lt. Co., Seattle, 

ash. 

Parrish, D. B., 9423-58th Ave. So., Seattle, Wash. 

Pepall, J. R., Univ. of Toronto, Ont., Can. 

Peterson, P., Gen. Control Corp., Minneapolis, 
Minn. 

Peterson, R. M., Griswoldville, Mass. 

Peterson, R. A., Route 4, Idaho Falls, Idaho 

Peterson, S. R., Long-Bell Lumber Co., Longview, 


Wash. 
Epes, LD D. W., T. B. Kelley & Sons, Inc., Syracuse, 


Pieper, e. J., Van Horne, Iowa 

Pokorney; H. F., 3 Sellwood Bldg., Duluth, Minn. 

Pratt, E. J., Brooklyn (N. Y.) Edison Co. 

Quigley, F., Am. Tel. & Tel. Co., Cleveland, Ohio 

Rabuck, G. D., Pub. Serv. Co. of No. Ill., Chicago 

Rahill, E. J., New York Tel. Co., Albany 

Ramsey, W. S., Town of Morristown, N. J. 

Reynolds, F.I., R. F. D. No. 2, Glens Falls, N. Y. 

Rising, W. G., Colgate- Palmolive-Peet Co., Kansas 
City, Kans. 

Rivera, J. J., 223 E. 126 St., N. Y. City 

Rockefeller, R. W., Univ. of Michigan, Ann Arbor 

Root, C. W., Scintilla Magneto Co., Sidney, N. Y. 

Rudder, E. J , 714 W. Elm, Enid, Okla. 

Rupp, R. H., Am. Tel. & Tel. Co., Cleveland, Ohio 

Sopa E. a0 1437 Wyandotte Ave., Lakewood, 

te) 

Samson, V. L., Univ. of Mich. Hospital, Ann Arbor 

Sanning, F. G. Cincinnati & Suburban Bell Tel. 
Co., Cincinnati, Ohio 

Sargent, H. C., Jr., Univ. of Wisconsin, Madison 

Schaeffer, R., Okla. Gas & Elec. Co., Okla. City 

Schmidt, F. L., New York (N. Y.) Steam Corp. 

Schroeder, W., Univ. of Idaho, Moscow 

Schwartz, P. W., Holland Furance Co., Columbus, 
Ohio 

Schwennker, C. H., United Elec. Lt. & Pwr. Co., 


N. Y. City 
Scott, G. G., Gen. Motors Corp., Detroit, Mich. 
Scussell, Ve lke 35 Gray St., Providence, RI. 
Segal, B. United Elec. Lt. & Pwr. Co. N. Y. City 
Shelley, P. L., Okla. Gas & Elec. Co., Enid 
Shepherd, S. G., Sask. Pwr. Comm., Shellbrook, 
Sask., Can. 
Shiner, F. Le 6836 Montgall St., Kansas City, Mo. 
Simon, G. E., Welda, Kans. 
Sittel, V. J., Okla. Pipe Line Co., Muskogee 
Sitz, E. L., Kansas State Col., Manhattan 
Smith, C. A., 7 Oak Terrace, E. Lynn, Mass. 
Smith, E. I., Western Union Tel. Co., Jacksonville, 
Fla. 
Snoddy, B. L., Gen. Elec. Co., Butte, Mont. 
Soutter, R., Jr., Okonite-Callender Co., Paterson, 
Spahr, W. H., Metropolitan Life Ins. Co., N. Y. 
ity 
Stallman, A. C., Pub. Address System Installa- 
tions, Ithaca, IN Mic 
Stewart, Cc. F., U.S. Engrs., Catlettsburg, Ky. 
Stokes, H. E., Pa. Central Lt. & Pwr. Co., Altoona 
Stone, R. W., Oswego Motor Co., N. Y. 
Takacs, G. if Union Gas & Elec. Co., Cincinnati, 


Ohio 
Teece, E. R., Saskatchewan Pwr. Comm., Regina, 
Sask., Can. 


Teskey, Cc. H., Am. Tel. & Tel. Co., Cleveland, Ohio 

Thomas, M, Ate caeeen dated Mining & Smelting 
Co., Trail, B. Cy 

Thomas, ee Texas eh Dept., Austin 

Thomas, W. a Detroit Edison Co., Trenton, Mich. 

Titus, H. W., Lux Fire Protection Equip., Bklyn, 
N 


Van Aken, H. N., Union Switch & Sig. Co., Swiss- 
vale, Pa. 

Waldron, C. J., Univ. of Ill., Urbana 

Walker, H. H., 1106 Farnam St., Omaha, Neb. 

Walters, T. R., Gen. Elec. Co., Pittsfield, Mass. 

Wegner, E. A., Armour Inst. of Tech., Chicago, Ill. 

Woodford, A. G., Allen Bradley Co., Milwaukee, 
Wis. 

Wright, H. D., Pac. Gas & Elec. Co., San Francisco, 

lif. 


Ca 
Zacherl, F. A., 128 Main St., Clarion, Pa. 
Zwicker, F W., Bethlehem Shipbuilding Corp., 
Quincy, Mass. 
159 Domestic 
Foreign 
Bhadra, C. S., Messrs. C. Bhadra & Co.; 
Elec. Sup. Co., Bengal, India 
Griffin, W. S., Shanghai Pwr. Co., Shanghai, China 
vat fe Victoria Falls & Transvaal Pwr. Co. 
‘Vereeniging, So. Africa 


Kusktea 


Pere ¢ i , B. B. & C. I. Rly., Bombay, India 

Rao, C. V., Anglo-Persian Oil Co. Ltd., Abadan, 
Persia 

5 Foreign 
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New Books 


In the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
during February are the following which 
have been selected because of their possible 
interest to the electrical engineer. Unless 
otherwise specified, books listed have been 
presented gratis by the publishers. The 
Institute assumes no reponsibility for state- 
ments made in the following outlines, in- 
formation for which is taken from the 
preface or text of the book in question. 


RAILROAD CONSTRUCTION, Theory and 
Practise. By W. L. Webb. 9th ed. N. Y., J. 
Wiley & Sons, 1932. 8x5 in., leath., $6.00. Pt. 
1, 699 p.; Pt. 2, Tables, 226 p.— Deals with all 
phases of construction from the preliminary survey 
to the completion of the road and provision of the 
rolling stock. The present edition is largely new, 
the author having incorporated improved methods 
devised in recent years. Necessary mathematical 
tables are included. 


MODERN DIESEL, a review of high speed 
compression ignition engines. London, Iliffe & 
Sons., Ltd., 1932. 142p., 8x5in., cloth, 2s 6d.—An 
elementary handbook on the origin, principles of 
construction, and its advantages. The principal 
types for atitomobiles, aircraft, and marine service 
are described briefly. 


HUMAN ENGINEERING. By H. Myers. 
N. Y. & Lond., Harper Bros., 1932. 318 p., 8x6 in., 
cloth, $3. —The author, a physician, and manage- 
ment engineer, discusses the management, hygiene, 
and other topics pertaining to personnel problems, 


HEAT ENGINES. By S. H. Moorfield and H. 
H. Winstanley. London, Edward Arnold & Co., 
1931. 287 p., 8x51n., cloth, $2.25.—An elementary 
textbook. Presenting the underlying principles 
clearly and concisely. 


GRAPHICSTATICS. ByS. Fairman and C. S. 
Cutshall. N.Y. & Lond., McGraw-Hill Book Co., 
1932.—145 p. 9x6 in., cloth, $1.75.—The distin- 
guishing feature is the grouping of three important 
topics in one volume. The book represents the 
course offered to engineering students at Purdue 
University. 


ELEKTRISCHE HOCHLEISTUNGSUBER- 
TRAGUNG AUF WEITE ENTFERNUNG. By 
R. Riidenberg. Berlin, J. Springer, 1932. 370 p., 
9x6 in., cloth, 31.50 rm.—A series of lectures upon 
the problems of long distance power transmission, 
given under the auspices of the Electrical Engineer- 
ing Society of Berlin and the Berlin Engineering 
University, by experts from the large electrical 
companies; discusses in a practical way the theory 
of a-c. transmission and of long lines, generators, and 
transformers, compensation, regulation, intercon- 
nection, breakdowns, and the economics of a-c. and 
d-c. transmission. 


ECONOMICS OF PUBLIC UTILITIES. By 
L.-R. Nash. 2nd ed. N. Y. Lond., McGraw- 
Hill Book Co., 1931. 508 p., 9x6 in., cloth, $4.— 
To provide in one volume a ‘comprehensive treat- 
ment of the underlying economic facts governing 
public utility considered as a business. Carefully 
revised and a chapter upon holding companies 
added. New material upon political activities and 
agitations against public utilities, legislation on in- 
terstate transportation, natural gas movements, and 
electric power transmission, also has been added. 


COMMUNICATION ENGINEERING. _ By 
W.L. Everitt. N. ¥. & Lond., McGraw-Hill Book 
Co., 1932. 567 p., 9x6 in., cloth, $5.—A text-book 
covering the fundamentals of communication by 
wire and wireless networks which aims to provide a 
balanced course stressing broad principles rather 
than specific applications. Author believes the 
work will be valuable also to the power field, as com- 
munication systems and power systems differ pri- 
marily in the complexity of their networks. 


BEITRAGE ZUR GESCHICHTE DER 
TECHNIK UND INDUSTRIE, V.21. Ed. by C. 
Matschoss. Berlin, VDI-Verlag, 1931-2. 188 p., 
12x8 in., cloth, 10.80 rm.—The 21st volume of an- 
nual of engineering history; contains a number of 
valuable papers, a review of articles published else- 
where, reports on existing ancient engineering works 
and on museums of industry, and a bibliography of 
historical publications of the year. Essays on the 
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discovery of magnetic induction development of 
electric heating during the nineteenth century, early 
knowledge of the magnetic compass, the develop- 
ment of reinforced concrete, and the history of 
hydraulic works in China. 


MODERN MILLING OF SUGAR CANE. By 
F. Maxwell. Lond., Norman Rodger, 1931. 423 
p., 10x8 in., cloth, 50s net.—A welcome addition to 
literature of sugar manufacture. Dr, Maxwell con- 
fines bimself to the latter stage and presents an ac- 
count of milling practise in the leading sugar-pro- 
ducing countries. The machinery used is freely 
described, including prime movers and such topics 
as electric drives, the operation of milling trains, and 
milling control. 


COLOUR SCIENCE, Part 1. By W. Ostwald. 
Authorized translation with introduction and notes 
by J. S. Taylor. Lond., Winsor & Newton, Ltd., 
1931. 141 p., 9x6 in., cloth, 15s.—This translation 
of the first part of ‘‘Farbkunde,”’ treating of the 
theory and standardization of color, has been re- 
vised and supplemented by the author. 


KINETICS OF HOMOGENEOUS GAS RE- 
ACTIONS. (American Chemical Society Mono- 
graph Series.) By L.S. Kassel. N. Y., Chemical 
Catalog Co., 1932. 330 p., 9x6 in., cloth, $6.50.— 
This reviews critically, from a single Point of view, 
information available upon the reaction kinetics of 
homogeneous gases. The subject is treated theo- 
retically and experimentally in separate sections of 
the book. The theoretical treatment discusses the 
principles governing the rates of chemical reaction; 
the experimental part, all of the available data. 
Numerous references occur in footnotes. 


HILFSBUCH FUR DEN TECHNISCHEN 
AUSSENHANDEL. By E. K. Lubowsky. Ber- 
lin, Hermann Wendt, 1931. 808 p., 10x7 in., cloth, 
42 rm.—The purpose of this handbook is to enable 
the foreign representative of an exporter to antici- 
pate fully the information which the home office 
must have before it can intelligently submit tenders 
for machinery or electrical equipment. 450 outlines 
are given covering various machines. The textisin 
English, German, French, and Spanish, fully indexed 
in each. 


PLANNING PROBLEMS OF TOWN, CITY, 
AND REGION. Papers and discussions at the 
23rd Natl. Conference on City Planning, Rochester, 
N. Y., June 22-24, 1931, publ. by Wm. F. Fell Co., 
Phila., 1931. 228 p., 9x6 in., cloth, $3.00.—Topics 
discussed are: Is city planning effective control of 
city growth? Mass transportation on city streets; 
master plans and official maps; zoning and adminis- 
tration; edges of zones; county planning; relation 
of special assessments; planning programs for small 
cities; prevention of blight adjacent to expressways. 


RELAY HANDBOOK AND SUPPLEMENTS, 
2ed., 1931. Natl. Elec. Lt. Assn., N. Y. 1381 p., 
tables, 7x5 in., lea., $4.00 to members; $6.00 to non- 
members.—This new edition consists of a reprint of 
the handbook with a 367-page supplement and com- 
bined index, obtainable as a separate volume. 


DIESEL REFERENCE GUIDE. By J. Rosen- 
bloom originally announced in ELECTRICAL ENGI- 
NEERING, Jan. 1931, p. 76, now is available at $4 per 
copy instead of $10 as announced previously. Pub- 
lishers agents: Rider Press, N. Y. 
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Industrial Notes 


New Combination in Copper Field.—Ef- 
fective March 21, the newly formed Phelps 
Dodge Copper Products Corporation 
took over and will operate the following 
fabricating units as divisions: the Ameri- 
can Copper Products Division, with mills at 
Bayway, N. J., manufacturers of copper 
rods, bus bars, trolley wire, weather proof 
wire, etc.; The British American Tube Di- 
vision, Bayway, N. J., condenser tubes, 
copper tubes, and pipe, etc.; Inca Manufac- 
turing Division, Fort Wayne, Ind., enameled 
copper wire, coils, and magnet wires; P-M-G 
Metal Division, Bayway, N. J., copper and 
copper alloy products. 

The Habirshaw Cable and Wire Corpora- 
tion will maintain its separate corporate ex- 
istence and will be operated as a subsidiary 
of Phelps Dodge Copper Products Corpora- 
tion. With mills at Yonkers, N. Y., and 
Bridgeport, Conn., it manufactures rubber 
and lead covered copper wire, paper, and 
varnished cambric insulated power cables, 
and other electrical conductors. 

The name of the present fabricating sub- 
sidiary, National Electric Products Corpora- 
tion, will hereafter be the corporate title of 
the National Metal Molding Division of the 
company only, with headquarters at Pitts- 
burgh. Its plant is at Ambridge, Pa., and 
the principal products are rigid and flexible 
steel conduits, metal molding, outlet boxes, 
etc. Wylie Brown is president of both the 
Phelps Dodge Copper Products Corporation 
and the Habirshaw Cable and Wire Corpora- 
tion. Both companies have moved their 
offices and are now located at 40 Wall Street, 
New York. Through acquisition of the 
Calumet and Arizona Mining Company, and 
prior acquisition of the Nichols Copper 
Company and the National Electric Prod- 
ucts Corporation, Phelps Dodge Corpora- 
tion is one of the three large units in the cop- 
per industry in the United States. 


New Disconnecting Link Boxes.—The 
G&wW Electric Specialty Company, 7780 
Dante Avenue, Chicago, has developed a 
new device for simple and economical sec- 
tionalization of high tension cables. Itis an 
oil-filled, disconnecting link box, comprising 
an assembly of standardized parts, and is 
produced at low cost to meet individual re- 
quirements. 


New Electrode for Welding Aluminum.— 
The Lincoln Electric Company, Cleveland, 
Ohio, announces a new electrode for welding 
aluminum which will be known as “Alumin- 
weld.”’ The new electrode is a 5 per cent sili- 
con aluminum alloy; can be used for weld- 
ing sheet or cast aluminum, and is designed 
for either metallic or carbon are welding. 


A New Vacuum Contact Relay.—The 
Ward Leonard Electric Company, Mount 
Vernon, New York, has added a vacuum 
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contact relay to its line of midget relays. 
The vacuum contact element, which is actu- 
ated by the relay armature, is rated at 8 
amperes intermittently and 6 amperes con- 
tinuously at 220 volts. Relays equipped 
with this type of contact are especially ap- 
plicable to operation in hazardous places and 
have a high rating, making them a heavy 
duty midgetrelay. These relays may be ob- 
tained for normally open or normally closed 
operation. Coils may be wound for 6 to 110 
volts alternating or direct current. 


A New Mercury Switch—The CeCo 
Manufacturing Company, Inc., Providence, 
R. I., has formed an industrial division to 
develop electrical and electronic devices for 
industrial purposes. One of the products of 
this division is the ‘‘Mertact,’’ a mercury 
electric switch. Mertacts are made in sizes 
from 1 to 100 ampere capacities. Sizable cur- 
rents can be broken by a very small mechan- 
ical force, often eliminating the necessity of 
using intermediate relays. The new switch 
has a wide field of application in electric 
appliances, heating devices, automatic tem- 
perature control, and in equipment that 
requires frequent make and break of current. 
C. O. Cressy will be the engineer in the in- 
dustrial division assigned to the application 
of this division’s products. 


Outdoor Switch Houses.—The Delta-Star 
Electric Company, Chicago, has developed 
a line of metal clad, outdoor switch houses 
for medium capacity distribution circuits. 
They are equipped with T.P.S.T. solenoid 
operated, trip-free oil breakers, rated 
7.5 kv., 400 ampere interrupting capac- 
ity 30,000 kva. The circuit breakers are 
controlled from the switchboard substations. 
Space above the operating mechanism pro- 
vides for instruments, relays, reclosing 
timer, control switch, etc., converting the 
units to full-automatic and self-contained if 
required. Front and rear doors give ready 
access to all parts for inspection. Manual, 
d-c. solenoid, a-c. and d-c. trip-free motor 
mechanisms are available. The houses are 
compact, well constructed, low in first cost 
and maintenance. 


W. M. Bailey Now Chief Engineer of 
Dubilier Condenser Corp.—William Mason 
Bailey, formerly with the Wireless Specialty 
Apparatus Company, of Boston, has been 
appointed chief engineer of the Dubilier 
Condenser Corporation in New York City. 
In collaboration with William Dubilier and 
the engineering staff of the organization, 
Mr. Bailey has in large measure been re- 
sponsible for recent Dubilier developments 
such as the standard unit oil condenser, 
the moulded micadon, the ultra high fre- 
quency capacitors and the improved electro- 
lytic condensers. 
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Illumination.— Bulletin 31F16, 8 pp., en- 
titled, ‘‘Most Efficient Lighting for Schools 
and College.’’ Holophane Company, Inc., 
342 Madison Avenue, New York. 


Electrical Sheets.—Bulletin, 12 pp. De- 
scribes ‘‘Armco”’ electrical sheet steel grades 
for motors, generators, and transformers. 
The American Rolling Mill Company, 
Middletown, Ohio. 


Lead Tantalum Rectifiers.—Catalog TC- 
37, 16 pp. Describes Fansteel lead tanta- 
lum rectifiers for battery charging and direct- 
current power. Fansteel Products Com- 
pany, Inc., North Chicago, Ill. 


Belt Conveyors.—Booklet, 24 pp. An in- 
teresting, largely pictorial presentation of 
the use of belt conveyors. for coal handling 
and transportation of raw materials in many 
fields. The Diamond Rubber Company, 
Inc., Akron, Ohio. 


Motors.—Bulletin 174, 22 pp. Describes 
seven types of squirrel cage motors, includ- 
ing application tables, speed torque curves, 
and complete construction details. Wagner 
Electric Corporation, 6400 Plymouth Ave- 
nue, St. Louis, Mo. 


Aluminum Alloys.—Booklet, 64 pp., 
“Alcoa Aluminum and Its Alloys.” The 
book gives in concise form the physical and 
mechanical properties of the alloys produced 
by the Aluminum Company of America, 
Pittsburgh, Penna. Included are tables 
showing sizes of the basic commodities the 
company manufactures from these alloys. 


Ventilating Propeller Fans.—Catalog, 48 
pp. Describes Ilg self-cooled motor propeller 
fans. Contains numerous illustrations de- 
picting applications in homes, garages, fac- 
tories, etc. Ilg Electric Ventilating Com- 
pany, 2850 No. Crawford Avenue, Chicago. 


Monel Metal Bolts.—Bulletin T-1, 8 pp. 
A technical exposition of the properties of 
Monel Metal bolts which, among other appli- 
cations, are extensively used in outdoor elec- 
trical installations because of their strength, 
ductility, and resistance to corrosion. In- 
ternational Nickel Company, Inc., 67 Wall 
Street, New York. 


Self-Tapping and Drive Screws.—Cata- 
log, 30 pp. Describes self-tapping screws, 
drive screws, and screw nails for joining and 
making fastenings to sheet metal, bakelite, 
slate, etc. Such screws are widely used in 
the assembly of radio receivers and by elec- 
trical manufacturers for fastening cleats and 
other wire devices, instruments, number 
plates, etc. to slate, ebony, asbestos, and 
other type switchboard panels. Parker- 
Kalon Corporation, 200 Varick Street, New 
York. 


ELECTRICAL ENGINEERING 


